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Executive Summary

TRC, on behalf of DTE Electric Company (DTE Electric), has prepared this Initial Application for
an Alternate Liner Demonstration pursuant to the XX, XX, 2020 Hazardous and Solid Waste
Management System: Disposal of Coal Combustion Residuals From Electric Utilities; A Holistic
Approach to Closure Part B: Alternate Demonstration for Unlined Surface Impoundments (40
CFR § 257.71(d)) (Part B Rule) for the Belle River Plant Bottom Ash Basins (BRPP BABs) Coal
Combustion Residuals (CCR) Unit.

This application and its attachments demonstrate how DTE Electric qualifies for and should be
granted the opportunity to complete and submit an Alternate Liner Demonstration per 40 CFR §
257.71(d)(1)(i) for approval as continued operation of the BRPP BABs CCR Unit would pose no
reasonable probability of adverse effects to human health or the environment in the future
based on the following:

m  Compliance with all provisions of the Final Rule: Disposal of CCR from Electric Utilities
(CCR Rule); April 15, 2015, 40 CFR part 257 subpart D, including a sufficient groundwater
monitoring network under § 257.91;

m  The groundwater monitoring program meets the requirements of § 257.93 and § 257.94,
and per analytical data collected as part of the program, remains in detection monitoring;

m  The presence of a natural geologic barrier (more than 80 feet of native clay-rich soil) that
provides the equivalent, or better level of protection from potential migration of
contaminants than a composite liner defined in 40 CFR § 257.70(b);

m  Sufficient documentation that the unit meets all the location restrictions under § 257.60
through § 257.64, and;

m  The BRPP BABs CCR Unit is not located adjacent to a surface water body.
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1.0 Regulatory Framework and Site Background

Regulatory Framework - On April 17, 2015, the U.S. EPA issued the Final Rule: Disposal of
CCR from Electric Utilities (CCR Rule), 40 CFR 257, Subpart D, to regulate the disposal of CCR
materials generated at coal-fired units. The rule is being administered under Subtitle D of the
Resource Conservation and Recovery Act (RCRA, 42 U.S.C. § 6901 et seq.). On XXXX XX,
2020, the EPA Administrator issued revisions to the CCR Rule that required all unlined surface
impoundments to initiate closure by April 11, 2021, unless an alternative deadline is requested
and approved (40 CFR 257.103) or an initial application for an Alternate Liner Demonstration is
prepared per 40 CFR § 257.71(d) and submitted by November 30, 2020. The April 11, 2021
deadline to cease receipt of waste and initiate closure will be tolled upon submission of a
complete application, and until such time that EPA makes a final decision on the application or
subsequent demonstration. The initial application for an Alternate Liner Demonstration per §
257.71(d)(1)(i) must include the location of the facility and identify the specific CCR surface
impoundment(s) for which the demonstration will be made. The application must also include all
the following information:

m  §257.71(d)(1)(i)(A) — A certification signed by the owner or operator that the CCR Unit is in
full compliance with this subpart except for § 257.71(a)(1);

m § 257.71(d)(1)(i)(B) — Documentation supporting the certification required under §
257.71(d)(1)(i)(A) which includes the following:

1.  Documentation that the groundwater monitoring network meets the requirements of §
257.91. This must include documentation that the existing network of groundwater
monitoring wells is sufficient to ensure detection of any groundwater contamination
resulting from the impoundment, based on direction of flow, well location, screening
depth and other relevant factors;

2. Documentation that the CCR surface impoundment remains in detection monitoring
pursuant to § 257.94 as a precondition for submitting an application. This includes
documentation that the groundwater monitoring program meets the requirements of §
257.93 and § 257.94;

3. Documentation that the unit meets all the location restrictions under § 257.60 through
257.64;

4. Documentation of the most recent structural stability assessment required by §
257.73(d); and

5. Documentation of the most recent safety factor assessment required by § 257.73(e).

m  § 257.71(d)(1)(i)(C) — Documentation of the design specifications for any engineered liner
components, as well as all data and analyses the owner or operator of the CCR surface
impoundment relied on when determining the materials are suitable for use and that the
construction of the liner is of good quality and in-line with proven and accepted engineering
practices;

m § 257.71(d)(1)(i)(D) — Facilities with CCR surface impoundments located on properties
adjacent to a water body must demonstrate that there is no reasonable probability that a
complete and direct transport pathway (i.e., not mediated by groundwater) can exist
between the impoundment and any nearby water body; and
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m  §257.71(d)(1)(i)(E) — Upon submission of the application, and any supplemental materials
submitted in support of the application to the Administrator or the Participating State
Director, the owner or operator must place the complete application in the facility’s
operating record as required by § 257.105(f)(14).

The documentation that must be provided to the EPA per § 257.71(d)(1)(i) to demonstrate that
the above criteria has been met for an initial Alternate Liner Demonstration is provided within
this report.

Site Background - The BRPP is located in Section 13, Township 4 North, Range 16 East at
4505 King Road, China Township in St. Clair County, Michigan (Figure 1). The BRPP,
including the BABs, were constructed in the early 1980s.

The property has been used continuously as a coal fired power plant since the Detroit Edison
Company (now DTE Electric) began power plant operations at BRPP in 1984. The BABs are
designed to manage sluiced bottom ash and have been in operation since the BRPP began
operation. The BABs are routinely cleaned out and CCR is either beneficially reused or
disposed at the Range Road Landfill (RRLF).

The BRPP BABs are two adjacent physical sedimentation basins that are slightly raised CCR
surface impoundments referred to as the North and South BABs, located north of the BRPP
near the Webster Drain (Figure 2). The BABs receive sluiced bottom ash and other process
flow water from the power plant. Discharge water from each BAB flows over an outlet weir that
gravity flows to a site storm water conveyance network of ditches and pipes, then flows into the
diversion basin (DB) CCR Unit. The North and South BABs are located north of the BRPP main
building and run roughly east to west approximately 420 feet long by 120 feet wide with bottom
elevations of approximately 580 feet relative to the North American Vertical Datum (NAVD)
1988, with outflow weir elevations of approximately 590.25 feet relative to the NAVD 1988. The
capacity of the North BAB is approximately 2.4 million gallons and the capacity of the South
BAB is approximately 2.5 million gallons. The BABs are approximately 0.88 and 0.87 acres,
respectively.
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2.0 Natural Clay Liner

Pursuant to Part B, in order to meet the requirements of 40 CFR § 257.71(d)(1), the owner or
operator must demonstrate that, without a composite liner, the continued operation of the unit
would pose no reasonable probability of adverse effects to human health or the environment.
This is demonstrated when the surface impoundment has not and will not result in groundwater
concentrations above the relevant GWPS at the unit boundary (health based or background,
whichever is higher).

The risks posed by the continued operation of the BABs CCR Unit are mitigated by the geologic
and hydrogeologic conditions at the site, and through DTE Electric’s demonstrated compliance
with the CCR rules. The following paragraphs document the existing site conditions,
identification of potential receptors, and how potential risks have been mitigated.

Site Geology - The geology of St. Clair County consists of approximately 101 to 400 feet of
glacial deposits, primarily lacustrine deposits, till, and, to a lesser extent, sand and gravel
outwash, overlying a variety of bedrock surfaces'. The thicker glacial deposits, predominantly
low permeability clay-rich deposits, are present toward the central portion of the county,
including in the area of the BRPP BABs CCR Unit. These thick low permeability subsurface
conditions are present on a regional basis due to continental glaciation. The Natural Clay Liner
Equivalency Evaluation Report, DTE Electric and Consumers Energy Company Six Southeast
Michigan Coal Combustion Residual Units, previously submitted to the EPA in December of
2018 also contains additional information on the natural clay liner evaluation. This report can be
found here: Clay Liner Equivalency Report. Bedrock in the county includes the Michigan
Formation, Marshall Sandstone, Coldwater Shale, Sunbury Shale, Berea Sandstone, Bedford
Shale, and Antrim Shale.

In the vicinity of the site, the Devonian Bedford and/or Antrim Shale bedrock dips to the
northwest and is generally covered by more than 100 feet of unconsolidated clay, silt, sand, and
gravel. In this area, generally on the eastern side of the county, the glacial deposits are
predominantly silty-clay till and lacustrine deposits with lenses of sand and gravel. Where
present, unconsolidated sand and gravel deposits within the till and lacustrine deposits are
generally used for water supply throughout the county. Approximately 85 percent of the water
supply wells in St. Clair County are completed in the glacial deposits compared to approximately
13 percent installed in bedrock’.

The current topography of the St. Clair area gently undulates consisting of floodplain, stream
terrace, and lakeshore deposits. The St. Clair River is the major surface water body in the
county and runs along the eastern boundary of the county. Regional groundwater and surface
water flow would be expected to be to the east towards the St. Clair River.

The site subsurface geology is based on information from historical borings advanced during
initial design of the BRPP, in addition to the soil boring data collected from around the BABs

" Beth A. Apple and Howard W. Reeves, 2007, Summary of Hydrogeologic Conditions by County for the
State of Michigan. U.S. Geological Survey Open-File Report 2007-1236, 78 p.
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during the groundwater monitoring system installation. This information documents that the
BRPP BABs CCR Unit is underlain by more than 130 feet of vertically thick and laterally
continuous silty-clay rich deposits, with some discontinuous sand-rich deposits encountered no
shallower than 86 feet-below ground surface (feet-bgs) with the lower confining Bedford Shale
generally encountered from 135 to 145 feet-bgs. However, along the southeastern portion of
the BRPP BABs CCR Unit, clay-rich deposits extend to the top of the Bedford shale and no
aquifer is present beneath this portion of the CCR Unit (refer to the Groundwater Monitoring
Systems Summary Report (GWMS, October 2017) located on the DTE Compliance Data and
Information website (BRPP_GWMS) and Figures 3 through 6.

Site Hydrogeology — A definitive groundwater flow direction is not evident around the BABs in
15 rounds of groundwater monitoring which is likely due to:

m  The fact that the screened intervals of these monitoring wells and the top of the uppermost
aquifer elevation encountered within each of the BABs CCR Unit monitoring wells varies up
to 46 feet vertically; and

m  The degree of interconnection is limited (specifically around MW-16-02).

Therefore, given the horizontally expansive clay with substantial vertical thickness, the
heterogeneity of the glacial deposits (with the top of the uppermost aquifer elevation across the
BABs, where present varying up to 46 feet vertically), the no flow boundary where no sand or
gravel is present in the southeastern portion of the BABs CCR Unit area, and the lack of
hydraulic interconnectedness of the uppermost aquifer encountered at the BABs in some areas,
it is not appropriate to infer horizontal flow direction or gradients across the BABs CCR Unit.
The GWMS report (BRPP_GWMS) contains additional details related to the site hydrogeology.

Hydraulic conductivities measured within the CCR monitoring wells set within the upper portion
of the uppermost aquifer across BRPP were evaluated using single well hydraulic conductivity
tests (e.g., slug tests) performed in 2016. The calculated hydraulic conductivity of the
uppermost aquifer is approximately 0.5 feet/day in the BABs CCR Unit area. This low hydraulic
conductivity further demonstrates the low groundwater yield potential across the conservatively
interpreted, potential uppermost aquifer encountered at the site. A definitive horizontal flow
direction in the BABs CCR Unit area is not present; therefore, it is not appropriate to estimate
the horizontal time of travel. Because there is no clear flow direction, inter-well statistical tests
are inappropriate for detection monitoring of this basin.

For further discussion on the site groundwater flow, see Appendix A for the 2019 Annual
Groundwater Monitoring Report (GWMR). The 2018 and 2017 GWMR reports can be located
on the DTE CCR Compliance Data and Information website (BRPP 2018 GWMR and BRPP
2017 GWMR). Refer to Figures 7 and 8 for the most recent potentiometric surface maps.

Vertical Flow Potential to Uppermost Aquifer — As stated previously, the BRPP is a natural
silty-clay site, and the presence of the natural clay liner has been verified by numerous historical
soil borings and confirmed by the twelve soil borings installed as part of the CCR monitoring
well installation program at the BABs and DB CCR Units. Therefore, the geology and
hydrogeology of the site provides a very high level of environmental protection of the uppermost
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aquifer. Based on the site geology and hydrogeology, there is no reasonable probability for the
impoundments to have adverse effects to the off-site uppermost aquifer groundwater, human
health or the environment given the relatively short duration of continued operation.
Groundwater occurring in the deep confined uppermost aquifer is protected from CCR
constituents in the BABs by a clay-rich aquitard with low hydraulic conductivity that is 82 or
more feet thick from the bottom of the BABs. Using the hydrogeologic information for the site,
the time of travel for water from the base-grade elevation of the BABs down to the uppermost
aquifer can be calculated using the following formula:

V = Ki/Ne

Where:

V = Velocity (feet/day)

K = Hydraulic Conductivity (3 x 10 cm/s based on high end silty clay-rich data)
i = Downward Vertical Gradient (conservatively assumed to be one foot/foot)
Ne = Effective Porosity (0.5 for clay-rich soil)

From the above formula, the maximum downward flow velocity through the silty-clay confining
unit to the uppermost aquifer is 6 x 10 cm/sec, or 0.063 feet/year. Therefore, the time of travel
for liquid from the base of the BABs through 82 feet of silty-clay (thinnest potential section of
silty-clay confining unit above the uppermost aquifer at the base of the BABs CCR Unit) to the
uppermost aquifer is approximately 1,300 years. Therefore, given that BRPP operations began
in 1984, and the fact that DTE Electric has publicly announced that it plans to cease operations
at the BRPP by 2030 (refer to the 2019 Integrated Resource Plan (IRP) presented to and
approved by the Michigan Public Service Commission (IRP)), there is no potential for the
uppermost aquifer CCR groundwater monitoring system wells to be affected by the BRPP CCR
BABs Unit. Therefore, the natural clay-rich soil liner underlying the BABs CCR Unit consists of
thick, low hydraulic conductivity clay, that provides the same, or better level of protection from
potential migration of contaminants than the composite liner defined in 40 CFR § 257.70(b).

Groundwater Use - Water supply wells are present within the sand and/or gravel rich aquifer
units within the lacustrine unconsolidated sediments at depths of around 100 feet-bgs within
between one-half and one mile to the west and southwest of the BRPP. There is no on-site use
of groundwater at the BRPP. Surface water bodies present in the area of the BRPP include the
Belle River (as close as 2,000 feet southwest and south of BRPP) and the St. Clair River (as
close as one mile to the east of BRPP).

Detection Monitoring - A groundwater monitoring system has been established for the BRPP
BABs CCR Unit (BRPP GWMS). The detection monitoring well network for the BABs CCR Unit
currently consists of five monitoring wells that are screened in the uppermost aquifer. The
monitoring well locations are shown on Figure 2. Detection monitoring at the monitoring well
system has been completed since 2017 in accordance with § 257.93 and § 257.94 with
compliance as required in § 257.71(d)(1)(i)(B)(2) being documented in the 2017, 2018 and 2019
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Annual Reports prepared in accordance with § 257.90. See Appendix A for the 2019 GWMR,
and the DTE website for the 2018 and 2017 GWMRs (BRPP 2018 GWMR and BRPP 2017
GWMR).
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3.0 Facility Compliance

DTE Electric has a public repository of documents in accordance with 40 CFR § 257.107 which
can be found here: DTE CCR Compliance Data and Information. This repository demonstrates
that the BRPP facility is in compliance with all record keeping, notification and internet posting
requirements as required by 40 CFR 257 Subpart D. DTE Electric audited their records to
identify any gaps in compliance and none were noted. As required by § 257.71(d)(1)(i)(A), a
certification signed by the owner or operator that the BRPP BABs CCR Unit is in full compliance
with this subpart, except for § 257.71(a)(1), has been included as Appendix B. A summary of
the key compliance metrics for the BRPP BABs is discussed below.

Groundwater Monitoring System § 257.71(d)(1)(i)(B)(1) — In accordance with 40 CFR §
257.91, a P.E. certified groundwater monitoring system is established for the BRPP BABs CCR
Unit (BRPP_GWMS). The monitoring well network for the BABs CCR Unit currently consists of
five monitoring wells that are screened in the uppermost aquifer and are sufficient to ensure
detection of groundwater contamination resulting from the BABs CCR Unit. Given the presence
of the thick natural clay-rich liner hydraulic barrier as discussed in Section 2 and the relatively
small foot print of the BABs, the perimeter groundwater monitoring well network is appropriate to
monitor the BRPP BABs CCR Unit. The monitoring well locations are shown on Figure 2. It
should be noted that the uppermost aquifer is not present in the southeastern portion of the
BABs CCR Unit. Well Construction and Soil Boring Logs for the monitoring network are
attached as Appendix C.

Groundwater elevation data collected during the 2019 sampling events show that groundwater
flow conditions within the uppermost aquifer are consistent with previous monitoring events.
Groundwater potentiometric elevation summary maps are shown on Figure 7 and Figure 8,
respectively. Additional figures for 2017 and 2018 can be found on the DTE website located
here: BRPP 2018 GWMR and BRPP 2017 GWMR. There is a horizontally extensive clay with
substantial vertical thickness of greater than 80 feet that isolates the uppermost aquifer from the
BRPP BABs CCR Unit (refer to Figures 3through 6 for geologic cross sections).

Detection Monitoring and Groundwater Statistical Analysis § 257.71(d)(1)(i)(B)(2) — The
groundwater conditions have been consistent through all monitoring events completed since
2017. This continues to demonstrate that the downgradient wells are appropriately positioned
to detect the presence of Appendix Il parameters that could potentially migrate from the BRPP
BABs CCR Unit. This additionally demonstrates the unit has been in compliance with detection
monitoring performed in accordance with § 257.94 as required in § 257.71(d)(1)(i)(B)(2). This is
documented in the 2017 through 2019 Annual Reports prepared as required by 40 CFR §
257.90. The 2019 GWMR is attached as Appendix A, 2018 and 2017 GWMRs can be found on
the DTE website located here: BRPP 2018 GWMR and BRPP 2017 GWMR.

Since establishment of the groundwater monitoring system, DTE Electric performs groundwater
sampling semi-annually in accordance with the Groundwater Statistical Evaluation Plan (SEP,
October 2017) located on the DTE website here: BRPP _SEP.
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Statistical evaluation of groundwater data is completed each time samples are collected in
accordance with 40 CFR § 257.93. Statistical methods for the BABs CCR Unit were selected
based on the geology and hydrogeology at the Site (primarily the presence of clay/hydraulic
barrier, the relatively small footprint of the BABs, and the low vertical and horizontal
groundwater flow velocity), in addition to other supporting lines of evidence that the aquifer is
unaffected by the CCR Unit (such as the consistency in concentrations of water quality data).
Refer to the SEP (October 2017) located on the DTE website here: BRPP SEP, for further
details on the statistical analysis and the 2019 GWMR attached as Appendix A for a summary
of groundwater monitoring data and statistical analysis completed at each monitoring location.
The 2018 and 2017 GWMRs are located on the DTE website here: BRPP 2018 GWMR and
BRPP 2017 GWMR.

Location Standards § 257.71(d)(1)(i)(B)(3) — The BRPP BABs CCR Unit is compliant with the
location restrictions of 40 CFR § 257.60-64. The location restriction certification report (LR,
October 2018) is available on the DTE website here: BRPP LR.

Structural Stability and Safety Factor Assessments § 257.71(d)(1)(i)(B)(4 and 5) -
Structural stability assessment and safety factor assessments, as required per 40 CFR
§257.103 (f)(2)(v)(C)(7) and (8), are not required for the BRPP BABs surface impoundments
and have therefore not been included with this submittal.

Documentation of Design Specifications § 257.71(d)(1)(i)(C) — As the BRPP BABs rely on
the natural clay liner, a design for the liner was not performed. However, prior to the
construction of BRPP, a significant geotechnical investigation demonstrated extensive clay
deposits across the entire BRPP site as documented in a 1976 Subsurface Investigation and
Foundation Report by Bechtel. The Bechtel report included an evaluation of the native clay
soils that were used in construction of the BRPP BABs CCR Unit surface impoundments, which
are incised into the natural clay liner. The evaluation included soil hydraulic conductivity testing
showing the native clay soil has a hydraulic conductivity of around 2 x 10® cm/s. The 1976
Bechtel report is provided in Appendix D.

Facilities with CCR surface impoundments located on properties adjacent to a water
body § 257.71(d)(1)(i)(D) — The BRPP BABs CCR Unit is not located adjacent to a surface
water body.

Alternate Liner Application Placed in the Operating Record - § 257.71(d)(1)(i)(E) - This
alternate liner demonstration application and supplemental materials submitted in this
application have been placed in the facility’s operating record as required by § 257.105(f)(14).
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4.0 Conclusions

This document demonstrates how the BRPP BAB CCR Unit meets the provisions of the initial
application for an alternate liner demonstration by:

m  Demonstrating continued compliance with the CCR Rule for all record keeping, notification
and internet posting requirements. In addition, detection monitoring is completed at the
established groundwater monitoring network as required by 40 CFR § 257.93 and § 257.94
and annual reporting as required by 40 CFR § 257.90 documents compliance with the
detection monitoring program;

m  Demonstrating the presence of a natural geologic barrier underlying the BRPP BABs CCR
Unit, that consists of a thick (> 80 feet), low hydraulic conductivity clay, that provides the
same, or better level of protection from potential migration of contaminants than the
composite liner defined in 40 CFR § 257.70(b);

m  Demonstrating that the BRPP BABs CCR Unit is compliant with the location restrictions of
40 CFR § 257.60-64 and that the structural stability and safety factor assessments as
required per 40 CFR § 257.103 (f)(2)(v)(C)(7) and (8) are not required;

m Including the BRPP BABs impoundment natural clay liner soil assessment performed prior
to construction of the BABs surface impoundments;

m  Documenting the BRPP BABs are not located adjacent to a surface water body; and
m  Placing this alternate liner demonstration application and supplemental materials submitted
in this application in the facility’s operating record as required by § 257.105(f)(14).

Therefore, it is requested that the EPA approve DTE Electric’s initial application to complete an
alternate liner demonstration prepared per 40 CFR § 257.71(d)(i) for the BRPP BABs CCR Unit.
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Executive Summary

On April 17, 2015, the United States Environmental Protection Agency (USEPA) published the
final rule for the regulation and management of Coal Combustion Residuals (CCR) under the
Resource Conservation and Recovery Act (RCRA) (the CCR Rule), as amended July 30, 2018. The
CCR Rule, which became effective on October 19, 2015 (amendment effective August 29, 2018),
applies to the DTE Electric Company (DTE Electric) Belle River Power Plant (BRPP) CCR
Bottom Ash Basins (BABs) CCR unit. Pursuant to the CCR Rule, no later than January 31, 2018,
and annually thereafter, the owner or operator of a CCR unit must prepare an annual
groundwater monitoring and corrective action report for the CCR unit documenting the status
of groundwater monitoring and corrective action for the preceding year in accordance with
§257.90(e). On behalf of DTE Electric, TRC Engineers Michigan, Inc., the engineering entity of
TRC Environmental Corporation (TRC), has prepared this Annual Groundwater Monitoring
Report for calendar year 2019 activities at the BRPP BABs CCR unit.

The groundwater sampling results were below prediction limits for Appendix III indicator
parameters during both the March and October 2018 semiannual monitoring events; therefore, no
statistically significant increases (SSIs) were reported for the Belle River Power Plant Bottom Ash
Basins (BRPP BABs) CCR unit. As such, DTE Electric continued detection monitoring at the BRPP
BABs CCR Unit in 2019 pursuant to §257.94 of the CCR Rule.

The semiannual detection monitoring events for 2019 were completed in March and September
2019 and included sampling and analyzing groundwater within the groundwater monitoring
system for the indicator parameters listed in Appendix III to the CCR Rule. As part of the
statistical evaluation, the data collected during detection monitoring events are evaluated to
identify SSIs in detection monitoring parameters to determine if concentrations in detection
monitoring well samples exceed prediction limits. Detection monitoring data that have been
collected and evaluated in 2019 are presented in this report.

Potential SSIs over prediction limits were noted for a few Appendix III constituents in one or
more downgradient wells during the March and September 2019 monitoring events. These
potential SSIs were either not statistically significant (i.e. verification resampling did not
confirm the exceedance) or were evaluated and determined to be a result of natural variability
in groundwater quality as documented in an alternative source demonstration (ASD) and not
attributable to the BRPP BABs CCR unit. With the very thick continuous silty clay-rich
confining unit beneath the BRPP BABs CCR unit, it is not possible for the uppermost aquifer to
have been affected by CCR from BRPP operations that began in the 1980s. Therefore, detection
monitoring will be continued at the BRPP BABs CCR unit in accordance with §257.94 of the
CCR Rule.
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Section 1
Introduction

1.1 Program Summary

On April 17, 2015, the United States Environmental Protection Agency (USEPA) published the
final rule for the regulation and management of Coal Combustion Residuals (CCR) under the
Resource Conservation and Recovery Act (RCRA) (the CCR Rule), as amended July 30, 2018.
The CCR Rule, which became effective on October 19, 2015 (amendment effective August 29,
2018), applies to the DTE Electric Company (DTE Electric) Belle River Power Plant (BRPP) CCR
Bottom Ash Basins (BABs). Pursuant to the CCR Rule, no later than January 31, 2018, and
annually thereafter, the owner or operator of a CCR unit must prepare an annual groundwater
monitoring and corrective action report for the CCR unit documenting the status of
groundwater monitoring and corrective action for the preceding year in accordance with
§257.90(e). On behalf of DTE Electric, TRC Engineers Michigan, Inc., the engineering entity of
TRC Environmental Corporation (TRC), has prepared this Annual Groundwater Monitoring
Report for calendar year 2019 activities at the BRPP BABs CCR unit (2019 Annual Report).

The groundwater sampling results were below background limits for Appendix III indicator
parameters during both the March and October 2018 semiannual monitoring events; therefore, no
statistically significant increases (SSIs) were reported for the Belle River Power Plant Bottom Ash
Basins (BRPP BABs) CCR unit. As such, DTE Electric continued detection monitoring at the BRPP
BABs CCR Unit in 2019 pursuant to §257.94 of the CCR Rule. This 2019 Annual Report presents
the monitoring results and the statistical evaluation of the detection monitoring parameters
(Appendix III to Part 257 of the CCR Rule) for the March and September 2019 semiannual
groundwater monitoring events for the BRPP BABs CCR unit. Detection monitoring for these
events continued to be performed in accordance with the CCR Groundwater Monitoring and
Quality Assurance Project Plan — DTE Electric Company Belle River Power Plant Bottom Ash Basins
and Diversion Basin (QAPP) (TRC, July 2016; revised August 2017) and statistically evaluated per
the Stats Plan (TRC, October 2017). As part of the statistical evaluation, the data collected
during detection monitoring events are evaluated to identify SSIs of detection monitoring
parameters compared to background levels.

1.2 Site Overview

The BRPP is located in Section 13, Township 4 North, Range 16 East, at 4505 King Road, China
Township in St. Clair County, Michigan. The BRPP was constructed in the early 1980s with
plant operations beginning in 1984. Prior to Detroit Edison Company’s operations commencing
in the 1980s, the BRPP property was generally wooded and farmland. The property has been
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used continuously as a coal fired power plant since Detroit Edison Company (now DTE Electric)
began power plant operations at BRPP in 1984 and is generally constructed over a natural
clay-rich soil base. The BABs have been in use with the BRPP since it began operation and have
collected CCR bottom ash that is periodically cleaned out and either sold for beneficial reuse

or disposed of at the Range Road Landfill (RRLF).

The BRPP BABs are two adjacent physical sedimentation basins that are slightly raised CCR
surface impoundments referred to as the North and South BABs, located north of the BRPP.
These are considered one CCR unit. The BABs receive sluiced bottom ash and other process flow
water from the power plant. Discharge water from each BAB flows over an outlet weir that
gravity flows to a site storm water conveyance network of ditches and pipes, then flows into the
diversion basin (DB) CCR unit, which is monitored as a separate CCR unit in accordance with
the CCR Rule and addressed in a separate 2019 Annual Report.

The DB is an incised CCR surface impoundment located east of the BRPP. Water flows into the
DB from the North and South BABs through a network of pipes and ditches. The DB discharges
to the St. Clair River with other site wastewater in accordance with a National Pollution
Discharge Elimination System (NPDES) permit.

1.3  Geology/Hydrogeology

The BRPP BABs CCR unit is located approximately one-mile west of the St. Clair River. The
BRPP BABs CCR unit is underlain by more than 130 feet of unconsolidated sediments, with the
lower confining Bedford Shale generally encountered from 135 to 145 feet below ground surface
(bgs). In general, the BRPP BABs CCR unit is initially underlain by at least 90 to as much as

136 feet of laterally extensive low hydraulic conductivity silty clay-rich deposits. The depth to
the top of the confined sand-rich uppermost aquifer encountered immediately beneath the silty
clay-rich deposits varies up to 46 feet within the monitoring well network and rapidly thins to the
south and east of the BABs and pinches out (e.g., no longer present) to the southeast in the vicinity
of SB-16-01 (Figure 1). Consequently, the uppermost aquifer is not laterally contiguous across
the entire BRPP BABs CCR unit, and not present beneath the southeastern corner of the BABs.

The variability in the depth to the uppermost aquifer is a consequence of the heterogeneity of
the glacial deposits and is driven by the lateral discontinuity of the sand outwash within the
encapsulating fine-grained, silty clay till that confines the uppermost aquifer. There is an
apparent lack of interconnection and/or significant vertical variation between the uppermost
aquifer sand unit(s) encountered across the BRPP BABs CCR unit as demonstrated by the
extensive amount of time (months) it took for water levels in monitoring well MW-16-02 to
reach equilibrium after well construction and development (TRC, 2017).
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Given the horizontally expansive clay with substantial vertical thickness that isolates the
uppermost aquifer from the BRPP BABs CCR unit, the heterogeneity of the glacial deposits
(with the top of the uppermost aquifer elevation across the BABs, where present varying up to
46 feet vertically), the no flow boundary where no sand or gravel is present in the southeastern
portion of the BABs CCR unit area, and the apparent lack of hydraulic interconnectedness of the
uppermost aquifer encountered at the BABs in some areas, it is not appropriate to infer horizontal
flow direction or gradients across the BRPP BABs CCR unit.

In addition, the elevation of CCR-affected water maintained within the BRPP BABs is
approximately 5 feet above the potentiometric surface elevations in the uppermost aquifer at
the BABs CCR unit area. This suggests that if the CCR affected surface water in the BABs were
able to penetrate the silty clay-rich underlying confining unit that the head on that release likely
would travel radially away from the BABs within the uppermost aquifer. However, with the
very thick continuous silty clay-rich confining unit beneath the BRPP it is not possible for the
uppermost aquifer to have been affected by CCR from BRPP operations that began in the 1980s.

Due to the relatively small footprint of the BABs, the low vertical and horizontal groundwater
flow velocity, the potential for radial flow, and the fact that the saturated unit being monitored
is isolated by a laterally contiguous silty-clay unit, which significantly impedes vertical
groundwater flow thus preventing the monitored saturated zone from potentially being
affected by CCR, monitoring of the BRPP BABs CCR unit using intrawell statistical methods is
appropriate. In addition, because the uppermost aquifer is not uniformly present across the
BABs CCR unit, there are no clear upgradient wells. As such, intrawell statistical approaches
are being used during detection monitoring as discussed in the Stats Plan.
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Section 2
Groundwater Monitoring

2.1 Monitoring Well Network

A groundwater monitoring system has been established for the BRPP BABs CCR unit as detailed
in the Groundwater Monitoring System Summary Report — DTE Electric Company Belle River Power
Plant Bottom Ash Basins and Diversion Basin Coal Combustion Residual Units (GWMS Report) (TRC,
October 2017). The detection monitoring well network for the BABs CCR unit currently consists
of five monitoring wells that are screened in the uppermost aquifer. The monitoring well
locations are shown on Figure 2.

As discussed in the Stats Plan, intrawell statistical methods for the BABs CCR unit were selected
based on the geology and hydrogeology at the Site (primarily the presence of clay/hydraulic
barrier, the variability in the presence of the uppermost aquifer across the site, and presence of
no flow boundary on the southeast side of the aquifer), in addition to other supporting lines of
evidence that the aquifer is unaffected by the CCR unit (such as the consistency in concentrations
of water quality data). An intrawell statistical approach requires that each of the downgradient
wells doubles as a background and compliance well, where data from each individual well
during a detection monitoring event is compared to a statistical limit developed using the
background dataset from that same well. Monitoring wells MW-16-01 through MW-16-04 and
MW-16-09 are located around the north, east and south perimeter of the BABs and provide data
on both background and downgradient groundwater quality that has not been affected by the
CCR unit (total of five background/downgradient monitoring wells).

2.2 Semiannual Groundwater Monitoring

The semiannual monitoring parameters for the detection groundwater monitoring program were
selected per the CCR Rule’s Appendix III to Part 257 — Constituents for Detection Monitoring.
The Appendix III indicator parameters consist of boron, calcium, chloride, fluoride, pH (field
reading), sulfate, and total dissolved solids (TDS) and were analyzed in accordance with the
sampling and analysis plan included within the QAPP. In addition to pH, the collected field
parameters included dissolved oxygen, oxidation reduction potential, specific conductivity,
temperature, and turbidity.

2.2.1 Data Summary

The first semiannual groundwater detection monitoring event for 2019 was performed
during March 18 to 20, 2019 by TRC personnel and samples were analyzed by
TestAmerica in accordance with the QAPP. Static water elevation data were collected
at all five monitoring well locations. Groundwater samples were collected from the five

TRC | DTE Electric Company 2-1
X:\WPAAM\PJT2\320511\0003\GMR\BABS\R320511.3 BRPP BABS.DOCX Final January 2020



detection monitoring wells for the Appendix III indicator parameters and field
parameters. A summary of the groundwater data collected during the March 2019
event is provided on Table 1 (static groundwater elevation data), Table 2 (field data),
and Table 3 (analytical results).

The second semiannual groundwater detection monitoring event for 2019 was performed
during September 16 to 17, 2019 by TRC personnel and samples were analyzed by
TestAmerica in accordance with the QAPP. Static water elevation data were collected
at all five monitoring well locations. Groundwater samples were collected from the five
detection monitoring wells for the Appendix III indicator parameters and field
parameters. A summary of the groundwater data collected during the October 2018
event is provided on Table 1 (static groundwater elevation data), Table 2 (field data),
and Table 4 (analytical results).

2.2.2 Data Quality Review

Data from each round were evaluated for completeness, overall quality and usability,
method-specified sample holding times, precision and accuracy, and potential sample
contamination. The data were found to be complete and usable for the purposes of
the CCR monitoring program. Data quality reviews are summarized in Appendix B.

2.2.3  Groundwater Flow Rate and Direction

As presented in the GWMS Report, and mentioned above, given the horizontally
expansive clay with substantial vertical thickness that isolates the uppermost aquifer from
the BRPP BABs CCR unit; the heterogeneity of the glacial deposits (with the top of the
uppermost aquifer elevation across the BABs; where present, varying up to 46 feet
vertically); the no flow boundary where no sand or gravel is present in the southeastern
portion of the BRPP BABs CCR unit area; and the apparent lack of hydraulic
interconnectedness of the uppermost aquifer encountered at the BABs in some areas, it is
not appropriate to infer horizontal flow direction or gradients across the site.
Groundwater elevations measured across the Site during the March 2019 sampling event
are provided on Table 1 and are summarized in plan view on Figure 3. Groundwater
elevations measured across the Site during the September 2019 sampling event are
provided on Table 1 and are summarized in plan view on Figure 4.

Groundwater elevation data collected during the 2019 sampling events show that
groundwater conditions within the uppermost aquifer are consistent with previous
monitoring events and continue to demonstrate that the downgradient wells are
appropriately positioned to detect the presence of Appendix III parameters that could
potentially migrate from the BRPP BABs CCR unit.
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Section 3
Statistical Evaluation

3.1 Establishing Background Limits

Per the Stats Plan, background limits were established for the Appendix III indicator parameters
following the collection of at least eight background monitoring events using data collected
from each of the five established detection monitoring wells (MW-16-01 through MW-16-04 and
MW-16-09). The statistical evaluation of the background data is presented in the 2017 Annual
Report. The Appendix III background limits for each monitoring well will be used throughout
the detection monitoring period to determine whether groundwater has been impacted from
the BRPP BABs CCR unit by comparing concentrations in the detection monitoring wells to
their respective background limits for each Appendix Il indicator parameter.

3.2  Data Comparison to Background Limits — First Semiannual Event (March 2019)

The concentrations of the indicator parameters in each of the detection monitoring wells
(MW-16-01 through MW-16-04 and MW-16-09) were compared to their respective statistical
background limits calculated from the background data collected from each individual well (i.e.,
monitoring data from MW-16-01 is compared to the background limit developed using the
background dataset from MW-16-01, and so forth).

The comparisons of the March 2019 monitoring event data to background limits are presented
on Table 3. The statistical evaluation of the March 2019 Appendix III indicator parameters
showed potential initial SSIs over background for:

m  Total dissolved solids (TDS) at MW-16-01; and
m  Sulfate at MW-16-04.

3.3  Verification Resampling for the First Semiannual Event

Verification resampling is recommended per the Stats Plan and the USEPA’s Statistical Analysis
of Groundwater Monitoring Data at RCRA Facilities, Unified Guidance (Unified Guidance, USEPA,
2009) to achieve performance standards as specified by §257.93(g) in the CCR Rule. Per the
Stats Plan, if there is an exceedance of a prediction limit for one or more of the parameters, the
well(s) of concern will be resampled within 30 days of the completion of the initial statistical
analysis. Only constituents that initially exceed their statistical limit (i.e., have no previously
recorded SSIs) will be analyzed for verification purposes.
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Verification resampling for the March 2019 event was conducted on May 9, 2019 by TRC
personnel. Groundwater samples were collected for total dissolved solids at MW-16-01 and
sulfate at MW-16-04, In accordance with the QAPP. A summary of the analytical results
collected during the May 2019 resampling event is provided on Table 3. The associated data
quality review is included in Appendix A.

The verification results for TDS (MW-16-01) and sulfate (MW-16-04) are above the prediction
limits, consequently the initial potential SSIs from the March 2019 event are confirmed at these
locations.

According to §257.94(e), in the event that the facility determines, pursuant to §257.93(h), that
there is a SSI over background levels for one or more of the Appendix III constituents, the
facility will, within 90 days of detecting a SSI, demonstrate that a source other than the CCR
unit caused the SSI, or the SSI resulted from error in sampling, analysis, statistical evaluation, or
natural variation in groundwater quality. If an alternate source demonstration (ASD) is not
completed within the 90-day period, the owner or operator of the CCR unit must initiate an
assessment monitoring program as required under §257.95. If an ASD is completed, a
certification from a qualified professional engineer is required, and the CCR unit may continue
with detection monitoring. The facility must also include the ASD in the annual groundwater
monitoring and corrective action report required by §257.90(e), in addition to the certification
by a qualified professional engineer.

DTE Electric prepared an ASD dated August 8, 2019, Alternate Source Demonstration: 2019 First
Semi Annual Detection Monitoring Sampling Event Bell River Power Plant Coal Combustion Residual
Bottom Ash Basins (April 2019 ASD). This ASD demonstrates that the SSIs confirmed above are
from natural variability in groundwater quality and not from a release of the BRPP BABs CCR
unit and is provided in Appendix A. As such, detection monitoring continued at the BRPP
BABs CCR unit in 2019.

3.4  Data Comparison to Background Limits — Second Semiannual Event
(September 2019)

The concentrations of the indicator parameters in each of the detection monitoring wells
(MW-16-01 through MW-16-04 and MW-16-09) were compared to their respective statistical
background limits calculated from the background data collected from each individual well (i.e.,
monitoring data from MW-16-01 is compared to the background limit developed using the
background dataset from MW-16-01, and so forth).The comparisons of the September 2019
monitoring event are presented on Table 4. The statistical evaluation of the September 2019
Appendix III indicator parameters showed potential initial SSIs over background for:

m  Calcium at MW-16-03;
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m  Chloride at MW-16-03; and
m  Sulfate at MW-16-04

The sulfate concentration at MW-16-04 is a continued exceedance of the prediction limit that has
been demonstrated to be from natural variability and is not from a release from the CCR unit as
presented in the August 2019 ASD (Appendix A).

3.5 Verification Resampling for the Second Semiannual Event

Verification resampling for the September 2019 event was conducted on November 11, 2019 by

TRC personnel. Groundwater samples were collected for calcium and chloride at MW-16-03, in
accordance with the QAPP. A summary of the analytical results collected during the November
2019 resampling event is provided on Table 4. The associated data quality review is included in

Appendix B.

The calcium and chloride verification results are below the prediction limits, consequently the
initial potential SSIs from the September 2019 event are not confirmed. Therefore, in accordance
with the Stats Plan and the Unified Guidance, the initial exceedances are not statistically
significant, and no SSIs will be recorded for the September 2019 monitoring event.
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Section 4
Conclusions and Recommendations

Potential SSIs over background limits were noted for a few Appendix III constituents in one or
more downgradient wells during the March and September 2019 monitoring events. These
potential SSIs were either not statistically significant (i.e. verification sampling did not confirm
the exceedance) or were evaluated and determined to be a result of natural variability in
groundwater quality as documented in an ASD (Appendix A) and not attributable to the BRPP
BABs CCR unit. As discussed above and in the GWMS Report, with the presence of the
vertically and horizontally extensive clay-rich confining till beneath the BRPP BABs CCR unit, it
is not possible for the uppermost aquifer to have been affected by CCR from operations. In
addition, due to limitations on CCR Rule implementation timelines, the background data sets
are of relatively short duration for capturing the occurrence of natural temporal changes in the
aquifer. Therefore, detection monitoring will be continued at the BRPP BABs CCR unit in
accordance with §257.94. No corrective actions were performed in 2019. The next semiannual

monitoring event is scheduled for the second calendar quarter of 2020.
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Section §
Groundwater Monitoring Report Certification

The U.S. EPA’s Disposal of Coal Combustion Residuals from Electric Utilities Final Rule
Title 40 CFR Part 257 §257.90(e) requires that the owner or operator of an existing CCR unit
prepare an annual groundwater monitoring and corrective action report.

Annual Groundwater Monitoring Report Certification
Belle River Power Plant Bottom Ash Basins
China Township, Michigan

CERTIFICATION

I hereby certify that the annual groundwater and corrective action report presented within this
document for the BRPP BABs CCR unit has been prepared to meet the requirements of Title 40
CFR §257.90(e) of the Federal CCR Rule. This document is accurate and has been prepared in
accordance with good engineering practices, including the consideration of applicable industry
standards, and with the requirements of Title 40 CFR §257.90(¢).
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Table 1
Summary of Groundwater Elevation Data — March and September 2019
Belle River Power Plant Bottom Ash Basins - RCRA CCR Monitoring Program
China Township, Michigan

Screened Interval

Well ID MW-16-01 MW-16-02 MW-16-03 MW-16-04 MW-16-09

Date Installed 3/17/2016 3/15/2016 6/1/2016 3/8/2016 6/2/2016
TOC Elevation 590.06 588.94 590.66 590.51 590.80
Geologic Unit of Sand Sand Silty Sand Sand Sand

Screened Interval

496.3 t0 491.3

494.3 t0 489.3

456.0 to 451.0

468.5 to 463.5

452.3 to 447.3

Elevation
Unit| ftBTOC ft ft BTOC ft ft BTOC ft ft BTOC ft ft BTOC ft
Depth to GW Depth to GW Depth to GW Depth to GW Depth to GW
Measurement Date Water Elevation Water Elevation Water Elevation Water Elevation Water Elevation

3/18/2019 15.88 574.18 13.40 575.54 16.27 574.39 16.64 573.87 16.46 574.34

9/16/2019 15.88 574.18 13.38 575.56 16.16 574.50 16.53 573.98 16.35 574.45
Notes:
Elevations are reported in feet relative to the North American Vertical Datum of 1988.
ft BTOC - feet Below top of casing.
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Table 2
Summary of Field Data — March and September 2019
Belle River Power Plant Bottom Ash Basins - RCRA CCR Monitoring Program
China Township, Michigan

Dissolved Oxidation Specific
Sample Location Sample Date Oxygen Reductl_on pH Conductivity Temperature Turbidity
Potential (SU) (deg C) (NTU)
(mg/L) (umhos/cm)
(mV)
3/18/2019 0.17 -134.9 7.6 1,822 10.30 2.42
MW-16-01
9/16/2019 0.16 -172.1 7.6 1,614 13.44 2.06
3/18/2019 1.34 -116.3 7.6 1,428 10.90 213
MW-16-02
9/16/2019 0.33 -167.1 7.5 1,267 15.49 1.57
3/18/2019 1.14 -163.4 7.9 2,088 10.50 1.13
MW-16-03
9/16/2019 0.16 -194.2 7.6 1,840 14.89 0.96
3/18/2019 1.34 -168.7 7.9 1,899 10.00 453
MW-16-04
9/16/2019 0.14 -211.2 7.8 1,676 16.06 50.2
3/20/2019 1.17 -237.8 8.0 2,933 10.80 68.7
MW-16-09
9/17/2019 0.14 211 8.0 2,994 14.34 120
Notes:

mg/L - milligrams per liter.

mV - milliVolt.

SU - standard unit.

umhos/cm - micro-mhos per centimeter.
deg C - degrees Celcius.

NTU - nephelometric turbidity units.
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Table 3
Comparison of Appendix Ill Parameter Results to Background Limits — March and May 2019

Belle River Power Plant Bottom Ash Basins — RCRA CCR Monitoring Program
China Township, Michigan

Sample Location: MW-16-01 MW-16-02 MW-16-03 MW-16-04 MW-16-09
Sample Date: 3/18/2019 5/9/2019" PL 3/18/2019 PL 3/18/2019 PL 3/18/2019 5/9/2019" PL 3/20/2019 PL
Constituent Unit Data Data Data Data Data

[Appendix Il
Boron ug/L 1,200 - 1,300 1,200 1,300 1,200 1,300 1,000 - 1,100 1,600 1,900
Calcium ug/L 41,000 - 45,000 54,000 59,000 33,000 36,000 42,000 - 64,000 32,000 41,000
Chloride mg/L 480 - 530 370 400 570 690 500 - 520 960 1,100
Fluoride mg/L 1.6 - 1.9 1.1 1.3 1.6 1.9 1.6 - 1.9 1.3 1.8
pH, Field SuU 7.6 7.7 76-8.1 7.6 74-8.0 7.9 75-83 7.9 7.7 75-84 8.0 7.7-87
Sulfate mg/L 5.8 - 8.1 4.8 20 24 14 27 24 18 18 40
Total Dissolved Solids mg/L 960 970®@ 950 730 890 1,100 1,100 990 - 1,100 1,700 2,000

Notes:

ug/L - micrograms per liter.

mg/L - milligrams per liter.

SU - standard units; pH is a field parameter.

All metals were analyzed as total unless otherwise specified.

Bold font indicates an exceedance of the Prediction Limit (PL).

| RESULT

Shading and bold font indicates a confirmed exceedance of the Prediction Limit (PL).

(1) - Results shown for verification sampling performed on 5/9/2019.

(2) - New successful alternative source demonstration was completed following confirmation of the initial statistically significant exceedance.
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Table 4
Comparison of Appendix Ill Parameter Results to Background Limits — September and November 2019
Belle River Power Plant Bottom Ash Basins - RCRA CCR Monitoring Program
China Township, Michigan

Sample Location: MW-16-01 MW-16-02 MW-16-03 MW-16-04 MW-16-09
Sample Date: 9/16/2019 PL 9/16/2019 PL 9/16/2019 | 11/11/2019" PL 9/16/2019 PL 9/17/2019 PL
Constituent Unit Data Data Data Data Data

[Appendix Ill
Boron ug/L 1,000 1,300 1,100 1,300 1,100 -- 1,300 1,000 1,100 1,500 1,900
Calcium ug/L 43,000 45,000 58,000 59,000 38,000 20,000 36,000 47,000 64,000 37,000 41,000
Chloride mg/L 460 530 350 400 1,000 600 690 480 520 920 1,100
Fluoride mg/L 1.8 1.9 1.1 1.3 1.8 -- 1.9 1.7 1.9 1.4 1.8
pH, Field SuU 7.6 7.6-8.1 7.5 74-8.0 7.6 7.8 75-8.3 7.8 75-84 8.0 7.7-87
Sulfate mg/L 7.5 8.1 5.8 20 1.7 -- 14 20@ 18 12 40
Total Dissolved Solids mg/L 950 950 770 890 1,000 -- 1,100 970 1,100 1,800 2,000
Notes:

ug/L - micrograms per liter.

mg/L - milligrams per liter.

SU - standard units; pH is a field parameter.

-- = not analyzed.

All metals were analyzed as total unless otherwise specified.
Bold font indicates an exceedance of the Prediction Limit (PL).

| RESULT Shading and bold font indicates a confirmed exceedance of the Prediction Limit (PL).
(1) - Results shown for verification sampling performed on 11/11/2019.

(2) - Concentration addressed through first 2019 Semiannual alternative source demonstration.
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Appendix A
Alternative Source Demonstration: First 2019
Semiannual Detection Monitoring Sampling Event
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Technical Memorandum

Date: August 8, 2019

To: Christopher P. Scieszka
DTE Electric Company

From: Graham Crockford, TRC

David McKenzie, TRC
Project No.: 320511.0003.0000 Phase 001, Task 001

Subject: Alternate Source Demonstration: 2019 First Semi Annual Detection Monitoring
Sampling Event Belle River Power Plant Coal Combustion Residual Bottom Ash Basins

Introduction

On April 17, 2015, the United States Environmental Protection Agency (USEPA) published the final
rule for the regulation and management of Coal Combustion Residuals (CCR) under the Resource
Conservation and Recovery Act (RCRA) (the CCR Rule). The CCR Rule, which became effective on
October 19, 2015, applies to the DTE Electric Company (DTE Electric) Belle River Power Plant (BRPP)
CCR Bottom Ash Basins (BABs) CCR unit.

TRC Engineers Michigan, Inc. (TRC) conducted the first semiannual 2019 detection monitoring event
for the BRPP BABs CCR unit on behalf of DTE Electric on March 18 through March 20, 2019 in
accordance with the CCR Groundwater Monitoring and Quality Assurance Project Plan — DTE Electric
Company Belle River Power Plant Bottom Ash Basins and Diversion Basin (QAPP) (TRC, July 2016; revised
March and August 2017). The semiannual groundwater monitoring event included the statistical
evaluation of the detection monitoring parameters (Appendix III to Part 257 of the CCR Rule) for the
BRPP BABs CCR unit. This event is the fourth detection monitoring event performed to comply with
§257.94. As part of the statistical evaluation, the data collected during detection monitoring events are
evaluated to identify statistically significant increases (SSIs) in detection monitoring parameters to
determine if concentrations in detection monitoring well samples exceed background levels. The
statistical analysis was performed pursuant to §257.93(f) and (g), and in accordance with the
Groundwater Statistical Evaluation Plan (Stats Plan) (TRC, 2017).

The statistical evaluation of the March 2019 Appendix III indicator parameters showed potential SSIs
over background for:

m  Total Dissolved Solids (TDS) at MW-16-01; and
m  Sulfate at MW-16-04

All other Appendix III constituents were within the statistical background limits.
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Technical Memorandum

In accordance with §257.94(3)(2), DTE Electric may demonstrate that a source other than the CCR
unit caused the SSI or that the SSI resulted from error in sampling, analysis, statistical evaluation, or
natural variation in groundwater quality. This Alternate Source Demonstration (ASD) has been
prepared to evaluate the potential SSIs identified in the March 2019 detection monitoring event.

Background

The BRPP is located in China Township in St. Clair County, Michigan. The site location is shown in
Figure 1. The BRPP was constructed in the early 1980s with plant operations beginning in 1984. The
property has been used continuously as a coal fired power plant since Detroit Edison Company (now
DTE Electric) began power plant operations at BRPP in 1984 and is generally constructed over a
natural clay rich soil base. The BABs have been in use with the BRPP since it began operation and
have collected CCR bottom ash that is periodically cleaned out and either sold for beneficial reuse or
disposed of at the Range Road Landfill (RRLF).

The BRPP BABs are two adjacent physical sedimentation basins that are slightly raised CCR surface
impoundments referred to as the North and South BABs, located north of the BRPP. These are
considered one CCR unit. The BABs receive sluiced bottom ash and other process flow water from
the power plant. Discharge water from each BAB gravity flows over an outlet weir to a conveyance
network of ditches and pipes, then flows into the diversion basin (DB) CCR unit, which is monitored
as a separate CCR unit in accordance with the CCR Rule.

The BRPP BABs CCR unit is located approximately one-mile west of the St. Clair River. The BRPP
BABs CCR unit is underlain by more than 130 feet of unconsolidated sediments, with the lower
confining Bedford Shale generally encountered from 135 to 145 feet below ground surface (bgs). In
general, the BRPP BABs CCR unit is initially underlain by at least 90 to as much as 136 feet of laterally
extensive low hydraulic conductivity silty clay-rich deposits. The depth to the top of the confined
sand-rich uppermost aquifer encountered immediately beneath the silty clay-rich deposits varies up
to 46 feet within the monitoring well network and rapidly thins to the south and east of the BABs and
pinches out (e.g., no longer present) to the southeast. Consequently, the uppermost aquifer is not
laterally contiguous across the entire BRPP BABs CCR unit, and not present in the southeastern
corner of the BABs.

The detection monitoring well network for the BABs CCR unit currently consists of five monitoring
wells that are screened in the uppermost aquifer. As discussed in the Stats Plan, intrawell statistical
methods for the BABs CCR unit were selected based on the geology and hydrogeology at the Site
(primarily the presence of clay/hydraulic barrier, the variability in the presence of the uppermost
aquifer across the site, and presence of no flow boundary on the southeast side of the aquifer), in
addition to other supporting lines of evidence that the aquifer is unaffected by the CCR unit (such as
the consistency in concentrations of water quality data). Monitoring wells MW-16-01 through
MW-16-04 and MW-16-09 are located around the north, east and south perimeter of the BABs and
provide data on both background and downgradient groundwater quality that has not been affected
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by the CCR unit (total of five background/downgradient monitoring wells). The monitoring well
locations are shown in Figure 2. The Groundwater Monitoring System Summary Report — DTE Electric
Company Belle River Power Plant Bottom Ash Basins and Diversion Basin Coal Combustion Residual Units,
(GWMS Report) details the groundwater monitoring system (TRC, October 2017).

Alternate Source Demonstration

Verification resampling was performed as recommended per the Stats Plan and the USEPA’s
Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Unified Guidance (Unified
Guidance, USEPA, 2009) to achieve performance standards as specified by §257.93(g) in the CCR
rules. Per the Stats Plan, if there is an exceedance of a prediction limit for one or more of the
parameters, the well(s) of concern will be resampled within 30 days of the completion of the initial
statistical analysis. Only constituents that initially exceed their statistical limit (i.e., have no
previously recorded SSlIs) will be analyzed for verification purposes. As such, verification resampling
was conducted on May 9, 2019, by TRC personnel. Groundwater samples were collected for TDS at
monitoring well MW-16-01 and sulfate at monitoring well MW-16-04 in accordance with the Quality
Assurance Project Plan (TRC, July 2016, revised in March and August 2017). A summary of the
groundwater data collected during the verification resampling event is provided on Table 1. The
associated data quality review is included in Attachment A.

The verification resampling confirmed the TDS exceedance at MW-16-01 and the sulfate exceedance at
MW-16-04 during the May 2019 verification sampling event. The following discussion presents the
ASD for the confirmed prediction limit exceedances.

TDS at MW-16-01: The TDS concentrations at MW-16-01, shown graphically as data points greater
than the prediction limit in Figure 3, are likely the result of natural spatial variability in groundwater
quality at the site and a statistical false positive, and not the result of a release from the BRPP BABs
CCR unit. Multiple lines of evidence are provided in support of this conclusion and are as follows:

m  Spatial variability in groundwater quality — After 8 background sampling events, the prediction
limits calculated for each of the 5 monitoring wells range from 890 mg/L to 2,000 mg/L. This
variability in groundwater quality across the site, shows that the TDS concentrations vary
spatially throughout the uppermost aquifer and suggests the confirmed TDS SSI at MW-16-01
could be attributed to spatial variability rather than the CCR unit.

m  Insufficient background sampling timeline to account for long-term trends — Variability in TDS
concentrations observed in the groundwater at BRPP BABs CCR unit during the background
sampling events provides evidence of the heterogeneity of this constituent in groundwater. The
short duration of the background sampling events limits the ability of the statistical analysis to
capture the natural temporal trends in the groundwater quality at the BRPP BABs CCR unit. This
is a limitation of the CCR Rule implementation timeline.
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Lack of similar increase in other indicator parameters — The lack of SSIs for any other parameters
within the same monitoring well, and across the other wells within the monitoring well network,
also suggests a source other than CCR leachate for the observed TDS SSI at this location.

Time of travel analysis — The clay formation immediately beneath the BRPP BABs CCR unit
provides a natural geologic barrier to migration of CCR constituents to the underlying aquifer.
The vertical extent of the clay layer beneath the CCR unit is shown in Figures 6 and 7 as cross-
sections. Figure 5 shows the cross-section locations in plan view. Conservatively calculating a time
of travel for liquid from the base of the BRPP BABs CCR unit through a minimum of 82 feet of
clay, to the underlying upper aquifer, yields approximately 1,300 years of travel time (TRC,
October 2017). The BRPP BABs CCR unit began accepting coal ash in approximately 1984, so,
based on this analysis, there is no potential for indicator parameters to have migrated to the
upper aquifer.

Sulfate at MW-16-04: The sulfate concentrations at MW-16-04, shown graphically as data points
greater than the prediction limit in Figure 4, are likely the result of natural spatial variability in
groundwater quality at the site and a statistical false positive, and not the result of a release from the
BRPP BABs CCR unit. Multiple lines of evidence are provided in support of this conclusion and are
as follows:

Spatial variability in groundwater quality — After 8 background sampling events, the prediction
limits calculated for each of the 5 monitoring wells range from 8.1 mg/L to 40 mg/L. This
variability in groundwater quality across the site, shows that the sulfate concentrations vary
spatially throughout the uppermost aquifer and suggests the confirmed sulfate SSI at MW-16-04
could be attributed to spatial variability rather than the CCR unit.

Insufficient background sampling timeline to account for long-term trends — Variability in
sulfate concentrations observed in the groundwater at BRPP during the background sampling
events provides evidence of the heterogeneity of this constituent in groundwater. The short
duration of the background sampling events limits the ability of the statistical analysis to capture
the natural temporal trends in the groundwater quality at the BRPP. This is a limitation of the
CCR Rule implementation timeline.

Lack of similar increase in other indicator parameters — The lack of SSIs for any other parameters
within the same monitoring well, and across the other wells within the monitoring well network,
also suggests a source other than CCR leachate for the observed sulfate SSI at this location.

Time of travel analysis — The clay formation immediately beneath the BRPP BABs CCR unit
provides a natural geologic barrier to migration of CCR constituents to the underlying aquifer.
The vertical extent of the clay layer beneath the CCR unit is shown in Figures 6 and 7 as cross-
sections. Figure 5 shows the cross-section locations in plan view. Conservatively calculating a time
of travel for liquid from the base of the BRPP BABs CCR unit through a minimum of 82 feet of
clay, to the underlying upper aquifer, yields approximately 1,300 years of travel time (TRC,
October 2017). The BRPP BABs CCR unit began accepting coal ash in approximately 1984, so,
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based on this analysis, there is no potential for indicator parameters to have migrated to the
upper aquifer.

Conclusions and Recommendations

The information provided in this report serves as the ASD for the DTE Electric BRPP BABs CCR unit,
was prepared in accordance with 40 CFR 257.94(e)(2) of the CCR Rule, and demonstrates that the TDS
SSI and sulfate SSI determined based on the first semiannual detection monitoring event performed in
2019 are not due to a release of CCR leachate into the groundwater. Therefore, based on the
information provided in this ASD, DTE Electric will continue detection monitoring as per 40 CFR
257.94 at the BRPP BABs CCR unit.

Certification Statement

I hereby certify that the alternative source demonstration presented within this document for
the BRPP BAB CCR unit has been prepared to meet the requirements of Title 40 CFR §257.94(e) 2
of the Federal CCR Rule. This document is accurate and has been prepared in accordance with
good engineering practices, including the consideration of applicable industry standards, and
with the requirements of Title 40 CFR §257.94(e) 2.

Name: Expiration Date: \\\\\‘;‘t"’u; ; 'hr‘f .
David B. McKenzie, P.E. N N8 e %0,
October 31, 2019 S\o}obe M‘-‘.’r,"f’) ,,”
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ZC {9 Engineer © : 3=
Company: Date: =55 : é: =
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Table 1

Comparison of Verification Sampling Results to Background Limits
Belle River Power Plant BABs - RCRA CCR Monitoring Program
China Township, Michigan

Sample Location: MW-16-01 MW-16-04
Sample Date: 5/9/2019 5/9/2019
Constituent Unit Data PL Data PL
Appendix I
Sulfate mg/L - 8.1 24 18
Total Dissolved Solids mg/L 970 950 -- 1,100

Notes:

mg/L - milligrams per liter.

RESULT | shading and bold font indicates a confirmed exceedance of the

TRC | DTE Electric Company
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Figure 3
MW-16-01 TDS Time Series Plot
Belle River Power Plant Bottom Ash Basins - RCRA CCR Monitoring Program
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Figure 4
MW-16-04 Sulfate Time Series Plot
Belle River Power Plant Bottom Ash Basins - RCRA CCR Monitoring Program
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Laboratory Data Quality Review
Groundwater Monitoring Event May 2019 (Verification Resampling)
DTE Electric Company Belle River Power Plant (DTE BRPP)

On May 9, 2019, TRC Environmental Corporation (TRC) collected groundwater samples at MW-
16-01 and MW-16-04 to verify analytical results that were outside of the prediction limits during
the March 2019 detection monitoring event. Samples were analyzed by Test America
Laboratories, Inc. (Test America), located in Canton, Ohio for anions (SW846 6020/9056A) and
total dissolved solids (TDS) (SM 2540C). The laboratory analytical results are reported in
laboratory report J112501-1.

TRC reviewed the laboratory data to assess data usability. The following sections summarize
the data review procedure and the results of the review.

Data Quality Review Procedure

The analytical data were reviewed using the USEPA National Functional Guidelines for
Inorganic Superfund Data Review (USEPA, 2017). The following items were included in the
evaluation of the data:

m  Sample receipt, as noted in the cover page or case narrative;
m  Technical holding times for analyses;

m  Data for method blanks. Method blanks are used to assess potential contamination arising
from laboratory sample preparation and/or analytical procedures;

m  Reporting limits (RLs) compared to project-required RLs;

m  Data for blind field duplicates. Field duplicate samples are used to assess variability
introduced by the sampling and analytical processes;

m  Data for laboratory control samples (LCSs). The LCSs are used to assess the accuracy of the
analytical method using a clean matrix;

m  Data for laboratory duplicates. The laboratory duplicates are replicate analyses of one
sample and are used to assess the precision of the analytical method; and

m  Overall usability of the data.

This data usability report addresses the following items:

e Usability of the data if quality control (QC) results suggest potential problems with all or
some of the data;

e Actions regarding specific QC criteria exceedances.

X:\WPAAM\P]JT2\320511\0003\ ASD\BRPP BABS 8.2019 ASD ATTA.DOCX 1



Review Summary

The data quality objectives and laboratory completeness goals for the project were met, and the
data are usable for their intended purpose. A summary of the data quality review, including
non-conformances and issues identified in this evaluation are noted below.

QA/QC Sample Summary:
m  Target analytes were not detected in associated method blanks.
m  LCSrecoveries were within laboratory control limits.

m  Dup-01 corresponds with MW-16-01 and Dup-02 corresponds with MW-16-04; relative
percent differences (RPDs) between the parent and duplicate sample were within the QC
limits.

m  Data are usable for purposes of verification sampling.

X:\WPAAM\P]JT2\320511\0003\ ASD\BRPP BABS 8.2019 ASD ATTA.DOCX 2
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Laboratory Data Quality Review
Groundwater Monitoring Event March 2019 (Detection Monitoring)
DTE Electric Company Belle River Power Plant (DTE BRPP)

Groundwater samples were collected by TRC for the March 2019 sampling event for the
Diversion Basin at the DTE BRPP. Samples were analyzed for anions, boron, calcium, and total
dissolved solids by Test America Laboratories, Inc., (Test America) located in North Canton,
Ohio. The laboratory analytical results are reported in laboratory report 240-109798-1.

During the March 2019 sampling event, a groundwater sample was collected from the following
wells:

= MW-16-01 = MW-16-02 = MW-16-03 = MW-16-04
= MW-16-05 = MW-16-06 = MW-16-07 = MW-16-08
= MW-16-09 = MW-16-10 = MW-16-11A

Each sample was analyzed for the following constituents:

Analyte Group Method
Anions (Chloride, Fluoride, Sulfate) SW846 9056 A
Total Boron SW846 3005A/6010B
Total Calcium SW846 3005A/6020
Total Dissolved Solids SM 2540C

TRC reviewed the laboratory data to assess data usability. The following sections summarize
the data review procedure and the results of the review.

Data Quality Review Procedure

The analytical data were reviewed using the USEPA National Functional Guidelines for
Inorganic Superfund Data Review (USEPA, 2017). The following items were included in the
evaluation of the data:

Sample receipt, as noted in the cover page or case narrative;

Technical holding times for analyses;

Reporting limits (RLs) compared to project-required RLs;

Data for method blanks and equipment blanks. Method blanks are used to assess potential
contamination arising from laboratory sample preparation and/or analytical procedures.
Equipment blanks are used to assess potential contamination arising from field procedures;



m  Data for laboratory control samples (LCSs). The LCSs are used to assess the accuracy of the
analytical method using a clean matrix;

m  Data for matrix spike and matrix spike duplicate samples (MS.MSDs), if applicable. The
MS/MSDs are used to assess the accuracy and precision of the analytical method using a
sample from the dataset;

m  Data for laboratory duplicates, if applicable. The laboratory duplicates are used to assess
the precision of the analytical method using a sample from the dataset;

m  Data for blind field duplicates. Field duplicate samples are used to assess variability
introduced by the sampling and analytical processes; and

m  Opverall usability of the data.

This data usability report addresses the following items:

m  Usability of the data if quality control (QC) results suggest potential problems with all or
some of the data;

m  Actions regarding specific QC criteria exceedances.
Review Summary

The data quality objectives and laboratory completeness goals for the project were met, and the
data are usable for their intended purpose. A summary of the data quality review, including
non-conformances and issues identified in this evaluation are noted below.

m  The reviewed constituents will be utilized for the purposes of a detection monitoring
program.
m  Data are usable for the purposes of the detection monitoring program.

QA/QC Sample Summary:

m  The holding time for TDS for samples MW-16-01, MW-16-02, MW-16-03, MW-16-04,
MW-16-05, DUP-01, and EB-01 exceeded the 7-day holding time criteria by approximately
5-10 hours. These results are estimated and may be biased low.

m  Target analytes were not detected in the equipment blank (EB-01_20190318).
m  Target analytes were not detected in the method blanks.
m  LCSrecoveries for all target analytes were within laboratory control limits.

m  Sample DUP-01 corresponds with sample MW-16-01. The relative percent differences
(RPDs) between the parent and duplicate sample were within the acceptance limits.

m  Laboratory duplicate analyses were performed on sample MW-16-01 for TDS; the RPD was
within the acceptance limits.



MS/MSD analyses were performed on the following samples:

— Sample MW-16-01 for boron; the percent recoveries (%Rs) and RPDs were within the
acceptance limits.

— Samples MW-16-02 and DUP-01 for fluoride and sulfate; the %Rs and RPDs were
within the acceptance limits.

— Sample MW-16-02 for calcium; the MS/MSD %Rs (68%/63%) were below the lower QC
limit of 75%, but no action was required since the sample result in the parent sample

was > 4x the spike added.

For TDS, the constant weight was not achieved after three drying cycles for sample
MW-16-02; there was no impact on data usability.



Laboratory Data Quality Review
Groundwater Monitoring Event September 2019 (Detection Monitoring)
DTE Electric Company Belle River Power Plant (DTE BRPP)

Groundwater samples were collected by TRC for the September 2019 sampling event for the
Bottom Ash Basins and Diversion Basin at the DTE BRPP. Samples were analyzed for anions,
total boron, total calcium, and total dissolved solids by Eurofins-Test America Laboratories, Inc.
(Eurofins-TA), located in North Canton, Ohio. The laboratory analytical results are reported in
laboratory report 240-119135-1.

During the September 2019 sampling event, a groundwater sample was collected from each of
the following wells:

Bottom Ash Basins:
= MW-16-01 = MW-16-02 = MW-16-03
= MW-16-04 = MW-16-09

Diversion Basin:
= MW-16-05 = MW-16-06 = MW-16-07
= MW-16-08 = MW-16-10 = MW-16-11A

Each sample was analyzed for the following constituents:

Analyte Group Method
Anions (Chloride, Fluoride, Sulfate) SW846 9056 A
Total Boron SW846 3005A/6010B
Total Calcium SW846 3005A/6020
Total Dissolved Solids SM 2540C

TRC reviewed the laboratory data to assess data usability. The following sections summarize
the data review procedure and the results of the review.

The analytical data were reviewed using the USEPA National Functional Guidelines for
Inorganic Superfund Data Review (USEPA, 2017). The following items were included in the
evaluation of the data:

m  Sample receipt, as noted in the cover page or case narrative;
m  Technical holding times for analyses;
m  Reporting limits (RLs) compared to project-required RLs;



m  Data for method blanks and equipment blanks, where applicable. Method blanks are used
to assess potential contamination arising from laboratory sample preparation and/or
analytical procedures. Equipment blanks are used to assess potential contamination arising
from field procedures;

m  Data for laboratory control samples (LCSs). The LCSs are used to assess the accuracy of the
analytical method using a clean matrix;

m  Data for matrix spike and matrix spike duplicate samples (MS/MSDs), where applicable.
The MS/MSDs are used to assess the accuracy and precision of the analytical method using
a sample from the dataset;

m  Data for laboratory duplicates, where applicable. The laboratory duplicates are used to
assess the precision of the analytical method using a sample from the dataset;

m  Data for blind field duplicates. Field duplicate samples are used to assess variability
introduced by the sampling and analytical processes; and

m  Opverall usability of the data.

This data usability report addresses the following items:

= Usability of the data if quality control (QC) results suggest potential problems with all or
some of the data;
» Actions regarding specific QC criteria exceedances.

Review Summary

The data quality objectives and laboratory completeness goals for the project were met, and the
data are usable for their intended purpose. A summary of the data quality review, including
non-conformances and issues identified in this evaluation are noted below.

m  Appendix III constituents will be utilized for the purposes of a detection monitoring
program.
m  Data are usable for the purposes of the detection monitoring program.

QA/QC Sample Summary:

m  There was one equipment blank submitted with this dataset (EB-01) which was associated
with the low hydraulic conductivity wells (MW-16-08, MW 16-10, and MW-16-11A).
Chloride was detected at 1.8 mg/L and TDS was detected at 12 mg/L in this equipment
blank. However, these analytes were detected at concentrations greater than five times the
blank concentrations in the associated wells; thus, there was no impact on data usability.

m  Target analytes were not detected in the method blanks.

m  LCSrecoveries for all target analytes were within laboratory control limits.



MS/MSD analyses were performed on samples MW-16-01 for boron, MW-16-03 for fluoride
and sulfate, and MW-16-02 for calcium; the percent recoveries (%Rs) and relative percent
differences (RPDs) were acceptable.

— MS/MSD analyses were not performed for chloride; per the project QAPP, MS/MSD
analyses are required for chloride at a frequency of 1 per 20 samples. It is likely that an
MS/MSD was performed on sample MW-16-03 for chloride but not reported by the
laboratory since the sample was re-analyzed at a dilution for chloride.

Laboratory duplicate analyses were not performed for TDS. Per the project QAPP,
laboratory duplicate analyses are required for TDS at a frequency of 1 per 20 samples.

Dup-01 corresponds with MW-16-01; RPDs between the parent and duplicate sample were
within the QC limits.

The nondetect reporting limits (5.0 mg/L) for sulfate in samples MW-16-06, MW-16-08, and
MW-16-11A were above the QAPP-specified RL (1.0 mg/L) due to a 5-fold dilution which
was likely the result of elevated chloride concentrations.



Laboratory Data Quality Review
Groundwater Monitoring Event
November Verification (Detection Monitoring)
DTE Electric Company Belle River Power Plant (DTE BRPP)

One groundwater sample was collected by TRC for the November 2019 sampling event for the
Bottom Ash Basin at the DTE BRPP. The sample was analyzed for calcium and chloride by Test
America Laboratories, Inc. (Test America), located in North Canton, Ohio. The laboratory
analytical results are reported in laboratory report 240-122291-1

During the November 2019 sampling event, a groundwater sample was collected from the
following well:

Bottom Ash Basin:

= MW-16-03

The sample was analyzed for the following constituents:

Analyte Group Method
Chloride SW846 9056A
Total Recoverable Calcium SW846 3005A/6020

TRC reviewed the laboratory data to assess data usability. The following sections summarize
the data review procedure and the results of the review.

The analytical data were reviewed using the USEPA National Functional Guidelines for
Inorganic Superfund Data Review (USEPA, 2017). The following items were included in the
evaluation of the data:

Sample receipt, as noted in the cover page or case narrative;

Technical holding times for analyses;

Reporting limits (RLs) compared to project-required RLs;

Data for method blanks and equipment blanks. Method blanks are used to assess potential

contamination arising from laboratory sample preparation and/or analytical procedures.

Equipment blanks are used to assess potential contamination arising from field procedures;

m  Data for laboratory control samples (LCSs). The LCSs are used to assess the accuracy of the
analytical method using a clean matrix;

m  Data for matrix spike and matrix spike duplicate samples (MS/MSDs). The MS/MSDs are

used to assess the accuracy and precision of the analytical method using a sample from the

dataset;



m  Data for laboratory duplicates. The laboratory duplicates are used to assess the precision of
the analytical method using a sample from the dataset;

m  Data for blind field duplicates. Field duplicate samples are used to assess variability
introduced by the sampling and analytical processes; and

m  Opverall usability of the data.

This data usability report addresses the following items:

» Usability of the data if quality control (QC) results suggest potential problems with all or
some of the data;

= Actions regarding specific QC criteria exceedances.

Review Summary

The data quality objectives and laboratory completeness goals for the project were met, and the

data are usable for their intended purpose. A summary of the data quality review, including

non-conformances and issues identified in this evaluation are noted below.

m  Appendix III constituents will be utilized for the purposes of a detection monitoring
program.

m  Data are usable for the purposes of the detection monitoring program.

QA/QC Sample Summary:

m  Target analytes were not detected in the method blanks.

m  LCSrecoveries for all target analytes were within laboratory control limits.

m  MS/MSD analyses were not performed on the sample in this data set.

s DUP-01_20191111 corresponds with MW-16-03_20191111; the RPD between the parent and
duplicate sample were within the QC limits for chloride; the RPD of 51.9% exceeded the
QC limits for calcium and potential uncertainty exists for calcium in all groundwater
samples, as summarized in the attached table, Appendix B.
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5 TRC

Owner Certification of Site Compliance per 40 CFR 257 Subpart D
Belle River Power Plant Bottom Ash Basins
China Township, Michigan

The United States Environmental Protection Agency (EPA) Hazardous and Solid Waste
Management System: Disposal of Coal Combustion Residuals From Electric Utilities; A Holistic
Approach to Closure Part B: Alternate Demonstration for Unlined Surface Impoundments (40
CFR §257.71(d)), requires that the owner of an existing CCR unit certify the facility is in
compliance with the requirements of the CCR Rules (40 CFR 257 Subpart D) except for
§257.71(a)(1).

CERTIFICATION

Based on our review of the CCR Rules, | hereby certify that the subject facility is in compliance
with the requirements of 40 CFR 257 Subpart D except for §257.71(a)(1).

SIGNATURE DATE

PRINT NAME TITLE

COMPANY NAME

TRC | DTE Electric Company
X\WPAAM\PJT2\386089\0001\PART B\BABS\R386089.1 PART B DRAFT REV 2.DOCX Working Copy November 2020



5 TRC

Appendix C
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SOIL BORING WELL CONSTRUCTION LOG 231828.0003.0000.GPJ TRC CORP.GDT 8/21/17

Checkeo(@é: C. Scieszka

/‘-\} WELL CONSTRUCTION LOG
(( , | RC WELL NO. MW-16-11A
= Page 1 of 2
Facility/Project Name: Date Drilling Started: Date Drilling Completed: Project Number:
DTE Electric Company Belle River Power Plant 51117 51217 231828.0003
Drilling Firm: Drilling Method: Surface Elev. (ft) TOC Elevation (ft) | Total Depth (ft bgs) | Borehole Dia. (in)
Stock Drilling Sonic 589.5 591.66 142.0 6
Boring Location: North of fuel oil tank number 2, between berm and fence. Personnel Drilling Equipment:
Logged By - J. Krenz
Driller - A. Goldsmith TSi 160cc
Civil Town/City/or Village: | County: State: Water Level Observations:
While Drilling: Date/Time Depth (ft bgs)
China Township St. Clair MI After Drilling: Date/Time _6/15/1708:38 ¥ Depth (ft bgs) _17.79
SAMPLE
| o | = b3
S| e | W LITHOLOGIC Q| &
w
wlZ 3|8 DESCRIPTION S| & | COMMENTS
o | w o =z (&) <
4rlg| S|z z |2
[e] = [ )] o 4
=0 Q () o O & =
>z | W = w 17} g
Z < 4 m [a] o) (O]
CLAY mostly clay, trace gravel, medium plasticity, dark L ) L
1 grayish brown (10YR 4/2), mottled with dark yellowish brown / e &
(10YR 4/6), medium stiff, moist, plant roots to 0.5 feet. ground surface to terminus of
soil boring, over-drilled with
6-inch diameter casing to
T install monitoring well.
1 Z
| 7
K /?
1 Z
i 4
20-| Change to high plasticity, gray (10YR 5/1), soft at 19.0 feet.
4 / 7
30— 7
] CL
I 2
. 7
40— / 7
1 7
50— %
] / %
| 7
60— %
A .
y] /
Signature: Firm:  TRC Environmental
M ' /A‘ﬁ/?/ Fax
' /




WELL CONSTRUCTION LOG
WELL NO. MW-16-11A
Page 2 of 2
| o |+ =
S| E | W LITHOLOGIC 9| 3
w
wl 2|3 |E DESCRIPTION 4 g EOMMENTS
o | w il B s} <
ar| 3 z | F w8 | 3
=a| O [e] o 13} é |
S5z | m = u @ g
Z< o m [a] - (4}
100 41 CLAY mostly clay, trace fine to medium gravel, high plasticity, % Z
| gray (10YR 5/1), medium stiff, moist. g
7
L Change to few fine to coarse gravel at 70.0 feet.
J 7
1
80— 77
Change to trace fine sand at 80.0 feet.
90— %/
. 7
%
100— cL
] %
) 7
110
4 1
g 7
| 7
120 /
1 Change to trace medium to coarse gravel at 126.0 feet.
130 i
4 SILT mostly silt, trace clay, dark gray (10YR 4/1), dense, 1 f
| saturated. ML =
197" SILTY CLAY mostly clay, some silt, few to Tittle fine to coarse | CL- 27 =)
T\ gravel, medium to low plasticity, dark gray (10YR 4/1), moist, o Lo
J \\medium stiff, inclusions of shale bedrock. [
| \BEDROCK shale, weathered, gray (10YR 4/1).
End of boring at 142.0 feet below ground surface.
150

SOIL BORING WELL CONSTRUCTION LOG 231828.0003.0000.GPJ TRC_CORP.GDT 8/21/17













OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: [MW-16-01
PROJ. NO: 231828.0003 [DATE INSTALLED: 3/17/2016 INSTALLED BY: A. Knutson CHECKED BY: C. Scieszka
ELEVATION CASING AND SCREEN DETAILS

(BENCHMARK: USGS)

DEPTH BELOW OR ABOVE
GROUND SURFACE (FEET)

TYPE OF RISER:  2-INCH PVC
590.06 1.8 TOP OF CASING PIPE SCHEDULE: 40
A =
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE:  2-INCHPVC
588.26 0.0 GROUND SURFACE SCR. SLOT SIZE:  0.01-INCH
sl 1.0 CEMENT SURFACE PLUG BOREHOLE DIAMETER: 6 IN.FROM 0 TO 97 FT.
% % 4 IN. FROM 97 TO 100 FT.
.
% \ GROUT/BACKFILL MATERIAL
5 % % BENTONITE SLURRY SURF. CASING DIAMETER: IN. FROM TO FT.
g § % GROUT/BACKFILL METHOD IN. FROM TO FT.
93.8 % % % TREMIE
z § § WELL DEVELOPMENT
.
§ § 84.0 GROUT DEVELOPMENT METHOD:  AIRLIFT
BENTONITE SEAL MATERIAL TIME DEVELOPING: 4 HOURS
TIME RELEASE PELLETS WATER REMOVED: 120 GALLONS
89.0 BENTONITE SEAL WATER ADDED: 0 GALLONS
WATER CLARITY BEFORE / AFTER DEVELOPMENT
4963 ¥ [ | 92.0 TOP OF SCREEN
= CLARITY BEFORE:  VERY TURBID
= I
s00 2 | FILTER PACK MATERIAL COLOR BEFORE: BROWN /GREY
A= MEDIUM, WASHED SAND CLARITY AFTER: CLEAR
& — : CLEAR
3 _— COLOR AFTER: NONE
491.3 = 97.0 BOTTOM OF SCREEN
ODOR (IF PRESENT): NONE
97.0 BOTTOM OF FILTER PACK
WATER LEVEL SUMMARY
NA BENTONITE PLUG MEASUREMENT (FEET) DATE TIME
DTB BEFORE DEVELOPING: 98.20 | T/PVC| 3/21/2016 -
BACKFILL MATERIAL DTB AFTER DEVELOPING: 100.32 | T/PVC| 4/13/2016 845
NATURAL COLLAPSE SWL BEFORE DEVELOPING: 12.92 T/PVC| 3/21/2016 -
SWL AFTER DEVELOPING: 16.32  T/PVC| 4/13/2016 845
488.3 100.0 HOLE BOTTOM OTHER SWL: T/PVC
OTHER SWL: T/PVC
NOTES: PROTECTIVE CASING DETAILS
PERMANENT, LEGIBLE WELL LABEL ADDED? YES [] NO
PROTECTIVE COVER AND LOCK INSTALLED? YES [ NO

LOCK KEY NUMBER: 3120

REVISED 11/2013




OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: |MW-16-02
PROJ. NO: 231828.0003 |DATE INSTALLED: 3/15/2016 INSTALLED BY: A. Knutson CHECKED BY: C. Scieszka
ELEVATION DEPTH BELOW OR ABOVE CASING AND SCREEN DETAILS
. GROUND SURFACE (FEET
(EEERLE B (FEET) TYPE OF RISER:  2-INCH PVC
588.94 2.7 TOP OF CASING PIPE SCHEDULE: 40
A —
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE: 2-INCH PVC
586.27 0.0 GROUND SURFACE SCR. SLOT SIZE: 0.01-INCH
1.0 CEMENT SURFACE PLUG 6 IN.FROM 0 TO 97 FT.
\§ & BOREHOLE DIAMETER: _—
% % 4 IN. FROM 97 TO 100 FT.
n
§ \ GROUT/BACKFILL MATERIAL
5 % % BENTONITE SLURRY SURF. CASING DIAMETER: IN. FROM TO FT.
g § % GROUT/BACKFILL METHOD IN. FROM TO FT.
94.7 % \ \ TREMIE
z § § WELL DEVELOPMENT
]
§ § 84.0 GROUT DEVELOPMENT METHOD: AIRLIFT
BENTONITE SEAL MATERIAL TIME DEVELOPING: 4 HOURS
TIME RELEASE PELLETS WATER REMOVED: 460 GALLONS
89.0 BENTONITE SEAL WATER ADDED: 0 GALLONS
WATER CLARITY BEFORE / AFTER DEVELOPMENT
4942 Y || 92.0 TOP OF SCREEN
= CLARITY BEFORE:  VERY TURBID
= —_—
s00 2 | FILTER PACK MATERIAL COLOR BEFORE: BROWN /GREY
é = MEDIUM, WASHED SAND CLARITY AFTER: CLEAR
s | COLOR AFTER: NONE
489.2 = 97.0 BOTTOM OF SCREEN
ODOR (IF PRESENT): NONE
97.0 BOTTOM OF FILTER PACK
WATER LEVEL SUMMARY
NA BENTONITE PLUG MEASUREMENT (FEET) DATE TIME
DTB BEFORE DEVELOPING: 97.07 | T/PVC| 3/15/2016 -
BACKFILL MATERIAL DTB AFTER DEVELOPING: 10020 T/PVC 4/13/2016  9:24
NATURAL COLLAPSE SWL BEFORE DEVELOPING: 14.56  T/PVC 3/15/2016 -
SWL AFTER DEVELOPING: 28.28 | T/PVC 3/18/2016 -
486.2 100.0 HOLE BOTTOM OTHER SWL: 18.77 | T/PVC 4/13/2016 9:24
OTHER SWL: T/PVC
NOTES: PROTECTIVE CASING DETAILS
PERMANENT, LEGIBLE WELL LABEL ADDED? YES |:| NO
PROTECTIVE COVER AND LOCK INSTALLED? YES |:| NO

LOCK KEY NUMBER: 3120

REVISED 1

1/2013




OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: |MW-16-03
PROJ. NO: 231828.0003 [DATE INSTALLED: 6/1/2016  INSTALLED BY: J. Reed CHECKED BY: M. Powers
ELEVATION CASING AND SCREEN DETAILS

(BENCHMARK: USGS)

DEPTH BELOW OR ABOVE
GROUND SURFACE (FEET)

TYPE OF RISER:  2-INCH PVC

PIPE SCHEDULE: 40

590.66 2.6 TOP OF CASING
A —
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE: 2-INCH PVC
588.03 0.0 GROUND SURFACE SCR. SLOT SIZE: 0.01-INCH
\§ . 1.0 CEMENT SURFACE PLUG BOREHOLE DIAMETER: 6 IN.FROM 0 TO 140 FT.
% % 4 IN. FROM 140 TO 150 FT.
.
% \ GROUT/BACKFILL MATERIAL
5 % % BENTONITE SLURRY SURF. CASING DIAMETER: IN. FROM TO FT.
g § % GROUT/BACKFILL METHOD IN. FROM TO FT.
134.5 % % % TREMIE
z § § WELL DEVELOPMENT
-
§ § 126.0 GROUT DEVELOPMENT METHOD: AIRLIFT
BENTONITE SEAL MATERIAL TIME DEVELOPING: 4 HOURS
TIME RELEASE PELLETS WATER REMOVED: 60 GALLONS
129.0 BENTONITE SEAL WATER ADDED: 0 GALLONS
WATER CLARITY BEFORE / AFTER DEVELOPMENT
4562 ¥ | ] 132.0 TOP OF SCREEN
= CLARITY BEFORE:  TURBID
= ]
s00 2 | FILTER PACK MATERIAL COLOR BEFORE: LIGHT GRAY
E = MEDIUM, WASHED SAND CLARITY AFTER: SLIGHTLY TURBID
s | COLOR AFTER: VERY LIGHT GRAY
451.2 = 137.0 BOTTOM OF SCREEN
ODOR (IF PRESENT): NONE
137.0 BOTTOM OF FILTER PACK
WATER LEVEL SUMMARY
NA BENTONITE PLUG MEASUREMENT (FEET) DATE TIME
DTB BEFORE DEVELOPING: 140.00 |T/PVC| 6/8/2016 7:20
BACKEILL MATERIAL DTB AFTER DEVELOPING: 140.00 T/PVC 6/8/2016 = 14:30
NATURAL COLLAPSE SWL BEFORE DEVELOPING: 16.06 T/PVC| 6/8/2016  7:20
SWL AFTER DEVELOPING: 15.32 | T/PVC 6/8/2016 14:30
438.2 150.0 HOLE BOTTOM OTHER DTB: 140.41 |T/PVC| 6/9/2016 10:00
OTHER SWL: T/PVC
NOTES: PROTECTIVE CASING DETAILS
PERMANENT, LEGIBLE WELL LABEL ADDED? YES |:| NO
PROTECTIVE COVER AND LOCK INSTALLED? YES |:| NO

LOCK KEY NUMBER: 3120

REVISED 11/2013




OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: |MW-16-04
PROJ. NO: 231828.0003 [DATE INSTALLED: 3/8/2016  INSTALLED BY: A. Knutson CHECKED BY: C. Scieszka
ELEVATION CASING AND SCREEN DETAILS

DEPTH BELOW OR ABOVE

(BENCHMARK: USGS) GROUND SURFACE (FEET)

TYPE OF RISER:  2-INCH PVC

PIPE SCHEDULE: 40

590.51 3.0 TOP OF CASING
A —
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE: 2-INCH PVC
587.50 0.0 GROUND SURFACE SCR. SLOT SIZE:  0.01-INCH
o 1.0 CEMENT SURFACE PLUG BOREHOLE DIAMETER: 6 IN.FROM 0 TO 124 FT.
% % 4 IN. FROM 124 TO 130 FT.
.
% \ GROUT/BACKFILL MATERIAL
5 % % BENTONITE SLURRY SURF. CASING DIAMETER: IN. FROM TO FT.
g § % GROUT/BACKFILL METHOD IN. FROM TO FT.
122.0 % % % TREMIE
z § § WELL DEVELOPMENT
'
§ § 111.0 GROUT DEVELOPMENT METHOD: AIR LIFT
BENTONITE SEAL MATERIAL TIME DEVELOPING: 4 HOURS
TIME RELEASE PELLETS WATER REMOVED: 288 GALLONS
116.0 BENTONITE SEAL WATER ADDED: 0 GALLONS
WATER CLARITY BEFORE / AFTER DEVELOPMENT
4685 Y | 119.0 TOP OF SCREEN
= CLARITY BEFORE:  VERY TURBID
= I
s00 2 | FILTER PACK MATERIAL COLOR BEFORE: BROWN /GREY
% —| MEDIUM, WASHED SAND CLARITY AFTER: CLEAR
4 —
3 — COLOR AFTER: NONE
463.5 | 124.0 BOTTOM OF SCREEN
ODOR (IF PRESENT): NONE
124.0 BOTTOM OF FILTER PACK
WATER LEVEL SUMMARY
NA BENTONITE PLUG MEASUREMENT (FEET) DATE TIME
DTB BEFORE DEVELOPING: 123.97 |T/PVC 3/8/2016 --
BACKFILL MATERIAL DTB AFTER DEVELOPING: 126.45 |T/PVC| 4/13/2016 9:31
NATURAL COLLAPSE SWL BEFORE DEVELOPING: 13.98 T/PVC) 3/15/2016 14:30
SWL AFTER DEVELOPING: 13.46  T/PVC) 3/18/2016 7:30
457.5 130.0 HOLE BOTTOM OTHER SWL: 16.91 | T/PVC 4/13/2016 9:31
OTHER SWL: T/PVC
NOTES: PROTECTIVE CASING DETAILS
PERMANENT, LEGIBLE WELL LABEL ADDED? YES |:| NO
PROTECTIVE COVER AND LOCK INSTALLED? YES |:| NO

LOCK KEY NUMBER: 3120

REVISED 11/2013




OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: |MW-16-05
PROJ. NO: 231828.0003 [DATE INSTALLED: 3/4/2016  INSTALLED BY: A. Knutson CHECKED BY: C. Scieszka
ELEVATION CASING AND SCREEN DETAILS

DEPTH BELOW OR ABOVE

(BENCHMARK: USGS)

GROUND SURFACE (FEET)

TYPE OF RISER:  2-INCH PVC
590.82 2.5 TOP OF CASING PIPE SCHEDULE: 40
A —
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE: 2-INCH PVC
588.32 0.0 GROUND SURFACE SCR. SLOT SIZE:  0.01-INCH
1.0 CEMENT SURFACE PLUG 6 IN.FROM 0 TO 150 FT.
: S BOREHOLE DIAMETER: _—
\ N
§ % _____IN. FROM TO___FT.
L
% § GROUT/BACKFILL MATERIAL
5 % % BENTONITE SLURRY SURF. CASING DIAMETER: IN. FROM TO FT.
g § % GROUT/BACKFILL METHOD IN. FROM TO FT.
141.5 % % % TREMIE
z § § WELL DEVELOPMENT
'
§ § 128.0 GROUT DEVELOPMENT METHOD: AIR LIFT
BENTONITE SEAL MATERIAL TIME DEVELOPING: 4 HOURS
TIME RELEASE PELLETS WATER REMOVED: 300 GALLONS
133.0 BENTONITE SEAL WATER ADDED: 0 GALLONS
WATER CLARITY BEFORE / AFTER DEVELOPMENT
4493 Y | 139.0 TOP OF SCREEN
= CLARITY BEFORE:  VERY TURBID
500 'g = FILTER PACK MATERIAL COLOR BEFORE: GREY
. z . MEDIUM, WASHED SAND CLARITY AFTER: CLEAR
4 = : CLEAR
3 — COLOR AFTER: NONE
444.3 | 144.0 BOTTOM OF SCREEN
ODOR (IF PRESENT): NONE
150.0 BOTTOM OF FILTER PACK
WATER LEVEL SUMMARY
NA BENTONITE PLUG MEASUREMENT (FEET) DATE TIME
DTB BEFORE DEVELOPING: 144.03 |T/PVC 3/4/2016 --
BACKFILL MATERIAL DTB AFTER DEVELOPING: 147.16 |T/PVC| 4/13/2016 9:55
WASHED SAND SWL BEFORE DEVELOPING: 13.71  T/PVC| 3/15/2016 -
SWL AFTER DEVELOPING: 14.13 T/PVC 3/18/2016 -
444.3 150.0 HOLE BOTTOM OTHER SWL: 16.87 | T/PVC 4/13/2016 9:55
OTHER SWL: T/PVC
NOTES: PROTECTIVE CASING DETAILS
PERMANENT, LEGIBLE WELL LABEL ADDED? YES |:| NO
PROTECTIVE COVER AND LOCK INSTALLED? YES |:| NO

LOCK KEY NUMBER: 3120

REVISED 11/2013




OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: |MW-16-06
PROJ. NO: 231828.0003 |DATE INSTALLED: 3/11/2016 INSTALLED BY: A. Knutson CHECKED BY: C. Scieszka
ELEVATION DEPTH BELOW OR ABOVE CASING AND SCREEN DETAILS
5 GROUND SURFACE (FEET
(EEERLE B (FEET) TYPE OF RISER:  2-INCH PVC
593.21 3.2 TOP OF CASING PIPE SCHEDULE: 40
A =
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE: 2-INCH PVC
589.98 0.0 GROUND SURFACE SCR. SLOT SIZE: 0.01-INCH
1.0 CEMENT SURFACE PLUG 6 IN.FROM 0 TO 140 FT.
4 N BOREHOLE DIAMETER: —_—
\ N
§ % _____IN. FROM TO___ FT.
‘.
§ \ GROUT/BACKFILL MATERIAL
5 % % BENTONITE SLURRY SURF. CASING DIAMETER: IN. FROM TO FT.
g § % GROUT/BACKFILL METHOD IN. FROM TO FT.
138.2 % \ \ TREMIE
z § § WELL DEVELOPMENT
-
§ § 127.0 GROUT DEVELOPMENT METHOD: AIRLIFT
BENTONITE SEAL MATERIAL TIME DEVELOPING: 4 HOURS
TIME RELEASE PELLETS WATER REMOVED: 50 GALLONS
132.0 BENTONITE SEAL WATER ADDED: 0 GALLONS
WATER CLARITY BEFORE / AFTER DEVELOPMENT
4550 Y || 135.0 TOP OF SCREEN
= CLARITY BEFORE:  VERY TURBID
= ]
s00 2 | FILTER PACK MATERIAL COLOR BEFORE: BROWN /GREY
é = MEDIUM, WASHED SAND CLARITY AFTER: CLEAR
s | COLOR AFTER: NONE
450.0 = 140.0 BOTTOM OF SCREEN
ODOR (IF PRESENT): NOT MEASURED
140.0 BOTTOM OF FILTER PACK
WATER LEVEL SUMMARY
NA BENTONITE PLUG MEASUREMENT (FEET) DATE TIME
DTB BEFORE DEVELOPING: 135.07 |T/PVC| 3/8/2016 -
BACKFILL MATERIAL DTB AFTER DEVELOPING: 142.85 T/PVC 4/13/2016  10:01
NA SWL BEFORE DEVELOPING: 19.62 | T/PVC| 3/15/2016 14:30
SWL AFTER DEVELOPING: 14.90 T/PVC 3/18/2016 7:30
450.0 140.0 HOLE BOTTOM OTHER SWL: 17.65 T/PVC 4/13/2016 10:01
OTHER SWL: T/PVC
NOTES: PROTECTIVE CASING DETAILS
PERMANENT, LEGIBLE WELL LABEL ADDED? YES |:| NO
PROTECTIVE COVER AND LOCK INSTALLED? YES |:| NO
LOCK KEY NUMBER: 3120

REVISED 11/2013




OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: |MW-16-07
PROJ. NO: 231828.0003 |DATE INSTALLED: 3/9/2016  INSTALLED BY: A. Knutson CHECKED BY: C. Scieszka
ELEVATION DEPTH BELOW OR ABOVE CASING AND SCREEN DETAILS
5 GROUND SURFACE (FEET
(EEERLE B (FEET) TYPE OF RISER:  2-INCH PVC
592.58 2.7 TOP OF CASING PIPE SCHEDULE: 40
A =
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE: 2-INCH PVC
589.89 0.0 GROUND SURFACE SCR. SLOT SIZE: 0.01-INCH
1.0 CEMENT SURFACE PLUG 6 IN.FROM 0 TO 140 FT.
4 N BOREHOLE DIAMETER: —_—
\ \
§ % _____IN. FROM TO___ FT.
‘.
§ \ GROUT/BACKFILL MATERIAL
5 % % BENTONITE SLURRY SURF. CASING DIAMETER: IN. FROM TO FT.
g § % GROUT/BACKFILL METHOD IN. FROM TO FT.
135.7 % \ \ TREMIE
z § § WELL DEVELOPMENT
-
§ § 125.0 GROUT DEVELOPMENT METHOD: AIRLIFT
BENTONITE SEAL MATERIAL TIME DEVELOPING: 4 HOURS
TIME RELEASE PELLETS WATER REMOVED: 120 GALLONS
130.0 BENTONITE SEAL WATER ADDED: 0 GALLONS
WATER CLARITY BEFORE / AFTER DEVELOPMENT
4569 Y || 133.0 TOP OF SCREEN
= CLARITY BEFORE:  VERY TURBID
= ]
s00 2 | FILTER PACK MATERIAL COLOR BEFORE: BROWN /GREY
é = MEDIUM, WASHED SAND CLARITY AFTER: CLEAR
s | COLOR AFTER: NONE
451.9 = 138.0 BOTTOM OF SCREEN
ODOR (IF PRESENT): NONE
140.0 BOTTOM OF FILTER PACK
WATER LEVEL SUMMARY
NA BENTONITE PLUG MEASUREMENT (FEET) DATE TIME
DTB BEFORE DEVELOPING: 138.02 |T/PVC| 3/9/2016 -
BACKFILL MATERIAL DTB AFTER DEVELOPING: 14119 T/PVC 4/13/2016  11:56
WASHED SAND SWL BEFORE DEVELOPING: 14.66 | T/PVC| 3/15/2016 -
SWL AFTER DEVELOPING: 14.25 | T/PVC 3/18/2016 -
449.89 140.0 HOLE BOTTOM OTHER SWL: 16.83 | T/PVC 4/13/2016 11:56
OTHER SWL: T/PVC
NOTES: PROTECTIVE CASING DETAILS
PERMANENT, LEGIBLE WELL LABEL ADDED? YES |:| NO
PROTECTIVE COVER AND LOCK INSTALLED? YES |:| NO
LOCK KEY NUMBER: 3120

REVISED 11/2013




OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: |MW-16-08
PROJ. NO: 231828.0003 [DATE INSTALLED: 3/10/2016 INSTALLED BY: A. Knutson CHECKED BY: C. Scieszka
ELEVATION CASING AND SCREEN DETAILS

(BENCHMARK: USGS)

DEPTH BELOW OR ABOVE
GROUND SURFACE (FEET)

TYPE OF RISER:  2-INCH PVC
591.88 2.6 TOP OF CASING PIPE SCHEDULE: 40
A —
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE: 2-INCH PVC
589.31 0.0 GROUND SURFACE SCR. SLOT SIZE: 0.01-INCH
1.0 CEMENT SURFACE PLUG 6 IN.FROM 0 TO 140 FT.
] N BOREHOLE DIAMETER: —_—
\ \
§ § IN. FROM TO FT.
L
% § GROUT/BACKFILL MATERIAL
5 % % BENTONITE SLURRY SURF. CASING DIAMETER: IN. FROM TO FT.
g § % GROUT/BACKFILL METHOD IN. FROM TO FT.
135.6 % % % TREMIE
z § § WELL DEVELOPMENT
-
§ § 125.0 GROUT DEVELOPMENT METHOD: AIRLIFT
BENTONITE SEAL MATERIAL TIME DEVELOPING: 4 HOURS
TIME RELEASE PELLETS WATER REMOVED: 125 GALLONS
130.0 BENTONITE SEAL WATER ADDED: 0 GALLONS
WATER CLARITY BEFORE / AFTER DEVELOPMENT
4563 Y || 133.0 TOP OF SCREEN
= CLARITY BEFORE:  VERY TURBID
= —_—
s00 |2 | FILTER PACK MATERIAL COLOR BEFORE: BROWN /GREY
A= MEDIUM, WASHED SAND CLARITY AFTER: CLEAR
I : CLEAR
3 — COLOR AFTER: NONE
451.3 = 138.0 BOTTOM OF SCREEN
ODOR (IF PRESENT): NONE
140.0 BOTTOM OF FILTER PACK
WATER LEVEL SUMMARY
NA BENTONITE PLUG MEASUREMENT (FEET) DATE TIME
DTB BEFORE DEVELOPING: 137.94 | T/PVC| 3/11/2016 -
BACKEILL MATERIAL DTB AFTER DEVELOPING: 140.80 | T/PVC 4/13/2016  12:00
WASHED SAND SWL BEFORE DEVELOPING: 1423 | T/PVC 3/15/2016  14:30
SWL AFTER DEVELOPING: 14.23 | T/PVC) 3/18/2016 7:30
449.3 140.0 HOLE BOTTOM OTHER SWL: 15.79 | T/PVC 4/13/2016 12:00
OTHER SWL: T/PVC
NOTES: PROTECTIVE CASING DETAILS
PERMANENT, LEGIBLE WELL LABEL ADDED? YES |:| NO
PROTECTIVE COVER AND LOCK INSTALLED? YES |:| NO

LOCK KEY NUMBER: 3120

REVISED 1

1/2013




OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: |MW-16-09
PROJ. NO: 231828.0003 [DATE INSTALLED: 6/2/2016  INSTALLED BY: J. Reed CHECKED BY: M. Powers
ELEVATION CASING AND SCREEN DETAILS

(BENCHMARK: USGS)

DEPTH BELOW OR ABOVE
GROUND SURFACE (FEET)

TYPE OF RISER:  2-INCH PVC
590.80 2.5 TOP OF CASING PIPE SCHEDULE: 40
A —
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE: 2-INCH PVC
588.28 0.0 GROUND SURFACE SCR. SLOT SIZE: 0.01-INCH
1.0 CEMENT SURFACE PLUG 6 IN.FROM 0 TO 150 FT.
4 N BOREHOLE DIAMETER: —_—
\ N
§ % _____IN. FROM TO___ FT.
L
% § GROUT/BACKFILL MATERIAL
5 % % BENTONITE SLURRY SURF. CASING DIAMETER: IN. FROM TO FT.
g § % GROUT/BACKFILL METHOD IN. FROM TO FT.
138.4 % % % TREMIE
z § § WELL DEVELOPMENT
-
§ § 130.0 GROUT DEVELOPMENT METHOD: AIR LIFT
BENTONITE SEAL MATERIAL TIME DEVELOPING: 7 HOURS
TIME RELEASE PELLETS WATER REMOVED: 30 GALLONS
133.0 BENTONITE SEAL WATER ADDED: 0 GALLONS
WATER CLARITY BEFORE / AFTER DEVELOPMENT
4524 Y | ] 136.0 TOP OF SCREEN
= CLARITY BEFORE:  TURBID
500 'g = FILTER PACK MATERIAL COLOR BEFORE: GRAY
E = MEDIUM, WASHED SAND CLARITY AFTER: VERY TURBID
s | COLOR AFTER: GRAY
447 4 = 141.0 BOTTOM OF SCREEN
ODOR (IF PRESENT): NONE
141.0 BOTTOM OF FILTER PACK
WATER LEVEL SUMMARY
NA BENTONITE PLUG MEASUREMENT (FEET) DATE TIME
DTB BEFORE DEVELOPING: 140.00 |T/PVC 6/7/2016 12:00
BACKFILL MATERIAL DTB AFTER DEVELOPING: 140.00 T/PVC 6/8/2016 = 10:25
NATURAL COLLAPSE SWL BEFORE DEVELOPING: 7.00 |T/PVC 6/7/2016 12:00
SWL AFTER DEVELOPING: 117.42 |T/PVC| 6/8/2016 10:25
438.4 150.0 HOLE BOTTOM OTHER SWL: 16.76 | T/PVC 6/9/2016 15:13
OTHER DTB: 144.30 |T/PVC| 6/9/2016 15:13
NOTES: PROTECTIVE CASING DETAILS
PERMANENT, LEGIBLE WELL LABEL ADDED? YES |:| NO
PROTECTIVE COVER AND LOCK INSTALLED? YES |:| NO

LOCK KEY NUMBER: 3120

REVISED 11/2013




OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: |MW-16-10
PROJ. NO: 231828.0003 [DATE INSTALLED: 6/6/2016  INSTALLED BY: J. Reed CHECKED BY: M. Powers
ELEVATION CASING AND SCREEN DETAILS

(BENCHMARK: USGS)

DEPTH BELOW OR ABOVE
GROUND SURFACE (FEET)

TYPE OF RISER:  2-INCH PVC
592.26 3.0 TOP OF CASING PIPE SCHEDULE: 40
A =
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE:  2-INCHPVC
589.25 0.0 GROUND SURFACE SCR. SLOT SIZE:  0.01-INCH
1.0 CEMENT SURFACE PLUG 6 IN.FROM 0 TO 150 FT.
] ] BOREHOLE DIAMETER: _— =
N\ |
§ % ______IN. FROM TO___ FT.
L
% § GROUT/BACKFILL MATERIAL
5 % % BENTONITE SLURRY SURF. CASING DIAMETER: IN. FROM TO FT.
g § % GROUT/BACKFILL METHOD IN. FROM TO FT.
148.0 % % % TREMIE
z § § WELL DEVELOPMENT
.
§ § 137.0 GROUT DEVELOPMENT METHOD:  AIRLIFT
BENTONITE SEAL MATERIAL TIME DEVELOPING: 4.5 HOURS
TIME RELEASE PELLETS WATER REMOVED: 85 GALLONS
142.0 BENTONITE SEAL WATER ADDED: 60  GALLONS
WATER CLARITY BEFORE / AFTER DEVELOPMENT
4443 VY [ | 145.0 TOP OF SCREEN
= CLARITY BEFORE:  VERY TURBID
5.00 o | FILTER PACK MATERIAL COLOR BEFORE: DARK GRAY
= MEDIUM, WASHED SAND CLARITY AFTER: VERY TURBID
3 | | COLOR AFTER: DARK GRAY
439.3 = 150.0 BOTTOM OF SCREEN -
ODOR (IF PRESENT): NONE
150.0 BOTTOM OF FILTER PACK
WATER LEVEL SUMMARY
NA BENTONITE PLUG MEASUREMENT (FEET) DATE TIME
DTB BEFORE DEVELOPING: 151.30 T/PVC 6/9/2016 7:45
BACKFILL MATERIAL DTB AFTER DEVELOPING: 152.28 T/PVC 6/9/2016 16:50
NA SWL BEFORE DEVELOPING: 17.80 | T/PVC| 6/9/2016 7:45
SWL AFTER DEVELOPING: 59.44 |T/PVC 6/9/2016 16:50
439.3 150.0 HOLE BOTTOM OTHER SWL: T/PVC
OTHER SWL: T/PVC
NOTES: PROTECTIVE CASING DETAILS
PERMANENT, LEGIBLE WELL LABEL ADDED? YES [] NO
PROTECTIVE COVER AND LOCK INSTALLED? YES [ NO

LOCK KEY NUMBER: 3120

REVISED 11/2013




OTRC

WELL CONSTRUCTION DIAGRAM

PROJ. NAME: DTE Electric Company Belle River Power Plant WELL ID: [MW-16-11
PROJ. NO: 231828.0003 |DATE INSTALLED: 6/7/2016 INSTALLED BY: J. Reed CHECKED BY: M. Powers
ELEVATION DEPTH BELOW OR ABOVE CASING AND SCREEN DETAILS
. GROUND SURFACE (FEET
(EEERLE B (FEET) TYPE OF RISER:  2-INCH PVC
591.54 2.5 TOP OF CASING PIPE SCHEDULE: 40
A —
PIPE JOINTS: THREADED O-RINGS
SCREEN TYPE: 2-INCH PVC
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ABSTRACT

This report presents the results of an extensive subsurface
investigatior program for the Detroit Edison Company at the
Belle River Project site. The proposed project consists of
a two-unit coal fired plant and the associated coal handling
facilities. The study was directed at evaluation of the
geologic and ground water conditions and the development of
soil parameters for design and construction of the proposed

facilities.

The evaluations presented in this report consist of a review
of previous investigations, a literature review, and
detailed subsurface investigation and laboratory testing
programs. This investigation confirmed the suitability of
the sites for the proposed facilities and gave the soil
mechanics information necessary for planning, design and

construction of plant facilities.
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1.0 INTRODUCTION

The Detroit Edison Company's prorosed Belle River Project
consists of a two-unit c¢oal fired power plant and the
associat2d coal handling facilities. The project site is
located in St. Clair County, Michigan, between the cities of
St. Clair and Marine City. Figure 1 shows the state of
Michigan with the site location indicated. This site is
just west of the existing Detroit Edison Company St. Clair
Power Plant. A general site plan showing all of the

existing and proposed facilities is shown in Figure 2.

The coal handling facilities‘will include a docking

facility, transfer houses, radial stackers, underground coal
reclaimers and a conveyor system, along with both primary
and secondary coal storage areas. The proposed power block
will consist of two boiler buildings, two turbine buildings,
four precipitators, a smoke stack, service building, |
administration building, warehouse, and miscellaneous other
tanks and treatment basins., Other facilities away from the
power block include a switchyard énd intake and discharge

structures,

The project facilities are superimposed on the boring

locatior plan and are shown in Figure 3. The area proposed



fcr fly ash disposal (Figure 4) has also been considered in

+the evaluations.

Volume 1 of this report éontains the final results of the
geological evaluations, laboratory socil testing, soil
properties evaluations, and the develorment of the soil
erginzering parameters to be used for the entire

Belle River 1 & 2 Project area. The results of previous
investigabionspsupplied by The Detroit Edison Company are
given in Appendix A. Bechtel soil/rceck borings are
fresented in Appendix B, along with a tabulated summary and

a key to the notation used on the boring logs.

VGlume 2 contains Appendiceés C and D which include all of
the lakoratory test rasults. Appendix C contains the
.results of laboratory tests perfcrmed by Goldberg-Zoino and
Associates while Appendix D contains the results of

laboratory tests conducted by U. W. Stoll and Associates.

The enginzering design c¢riteria for the various portions of
this project wil; not be addressed in this report. Design
criteria will be addressed upon reactivation of the project
when more details are known about the proposed facilities:

and =ne final lccation of structures.

[\



2.0 SCOPE OF WORK

The purpose of the subsurface investigation and laboratory
testing program was to evaluate the soil, rock, and ground
water conditions at the site in order to provide sufficient
irnformation for planning, design, and construction of the
various plént facilities. Upon reactivation of this
project, foundation systems and parameters for the various
foundation design, construcﬁion, and soil structure
interaction schemes will be developed based on this

information.

This report is based on a review of previous investigations,
geologic research, ground water studies, soil and rock

drilling and sampling, and a laboratory testing program. .

w



3.0 SUBSURFACE EXPLORATION

3.1 PREVIOUS EXPLORATION FOR THE EXISTING ST. CLAIR PLANT

ttorings were made for various stxuctures and facilities of
=li& S%=. Cliair power rplant during 1950, 1959, and 1965.

These are contained in a report prepared under the direction
of W. S. Housel and the University of Michigan's Office of
Research Administration, Soil Mechanics Laboratory for the
addition to S%=. Clair Unit No. 7. The 1950 borings were
generally in the area of the main plant while the 1959 and
1965 borings were made for the dock area and yard conveyor,

respectively.

rcluded in the Housel report are the individual boring log
profiles of borings made during 1965 and composite subsoil
aralysis profiles extanding to bedrock. It also contains
irformation on comparisons with borings made in the same
area during 1950 and 1959. Through 1965, a total of 28
boriﬁqs were drilled east of M-29 along the shore of the
5t. Clair River aﬁd within the St. Clair plant area. Seven
bcrings were drilled west of M-29 alcong the yard conveyor.
Tr.e Housel report and other becrings in the area made
availakle to Bechfel are included in Appendix A of this

vclume,



3.2 EXPLORATION FOR THE PROPOSED BELLE RIVER PROJECT
3.2.1 General

The existing docking facility was rebuilt to accommodate
larger ships apprOximate;y 105 feet wide and 1000 feet long
having a draft of about 27.5 feet. The existing convéyor
system serving the present St. Clair units will remain in
place. A new conveyor system will begin at the docking
facility and parallel the existing system to Highway M-29,
where it will bridge across M-29 and bisect the new primary

ccal storage area.

From the primary coal storage area, the conveyor system
crosses over the Detroit and Port Huron Railrcad tracks and
turns northward towards the main plant area and the
secondary coal storage pile. The conveyor will then split,
with one conveyor going west into the main plant and the
other going east, over the railroad tracks, to the secondary
ccal storage area. Also located along the conveyor system
are various transfer houses and stacker-reclaimers as shown

ir. Figures 2, 3 and 4.

The primary coal storage area is separated into three

storage locations covering an area of approximately 75



acresS. There are two main dead storage piles to the north
and south éides-of the ccnveyor, and a smaller live storage
pile betweéen the conveyor and the south dead coal storage.
Ar. apprcximate caéacity of 2.5 million tons of qullcan be

stcred at these locations.

The secondary ccal Stbrage area will consist ofra single
coal pile located just east of +he main plant. This pile
will covér an area of approximately 20 acres, and will have
a total dead storage capacity of appxoximately one million

tcns.

In addi<ion, thére will be a large fly ash disposal area to
the northwest of the main plant. In general, this area is
bcunded by the.existing Remer Road, King Road, the Detroit
and Port Huron Railroad, and a line about one-half mile

ncrth of and parallel to Puttygut Road.

3.2.2 Details of Exploration

The subsurfacs exploration prcgram and foundation evaluation

were developed by Bechtel. The drilling, which was done by
&

Reéymord Intzsrnational, began in November 1973 and ended in

August 1975. Bachtzl s0il engineer(s) and Bechtel

T



engineering geologist(s) supervised field operations and
recorded field logs of the drilling, sampling, and field
testing of the foundation materials. Logs of all borings

were prepared by Bechtel and are included in Appendix B.

In the docking area, ten S-inch'diameter exploratory borings
were drilled and sampled to bedrodk. In addition, 74 other -
rotary wash borings were drilled along the conveyor system,
+*he coal storage areas, and the main plant areé; A total of
36 borings were drilled in the fly ash disposal area
northwest of the main plant. These borings were located on
approximately a 1,000 foot grid and extended to depths of
from 70 to 140 feet. Undisturbed samples were obtained in
selected borings while split spocn Samples wére obtained in
all of the remaining borings to verify the subsurface

materials and consistency.

Throughout this investigation, undisturbed samples were
generally taken at 10-foot interva;s with standard 3-inch
0. D. Shelby tubes. From a depth of approximately 15 to
70 feet, some difficulty was encountered in retaining the
very soft clayey soils in the standard Shelby tube, and the
OStefberg Sampler was used to recover samples within this

depth. Generally, this sampler enabled adequate recovery.



Material in each undisturbed sample was visually classified
Ly —he Bechtel field engineer. The tubes were then sealed
with a doubie layer of wax, labeled, and selected tubes were

shipped to the laboratory..

Drive samples were obtained at the alternate 10-foot
irtervals between undisturbed samples using a standard split
sroorn sampler. This proceduré (ASTM D 1586) utilizes a
1ub-pound hammer falling 30 inches to drive a 1-3/8 inch
I.L.-spiit Spoon sampler 18 inches. Blows required to
advance the sampler through each six inches were recorded.
The Stan&ard penetration test (SPT) bklowcount is tﬁe_number
of Llows for the last foot the sampler is driven. Standard
penetration test.blowcounts are given on the boring logs,

Ir. the exceptionally hard materials found at depths of
apgrOximately 130 to 135 feet, refusal was considered to

' have been attainad when‘100 bliows were delivered for any six

ircr driving incremant.

Material recovered in the split spodn sampler was visually
" clacsified by the enginser, and a portion of the sample was
~hen stored in a glass jar. Selected jar samples wers sent

t¢ the testing laboratory for classification.
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classifications made in the field were compared with the
laboratory classification during proofreading of each field
log and the appropriate corrections were then made on the
final boring log. The unified soil classification for each

sample is as shown on the boring logs given in Appendix B.

Rock cores were obtained in areas where the foundation

system has a possibility of bearing on bedrock. Specified
holes were cored a minimum of 20 feet into rock to assure
positive_penetration through the overburden and to obtain

samples to evaluate the competency of the rocke.

Cores were placed in partitioned core boxes (each holding
about 15 feet of core), classified, and stored at the site.
Bechtel geologists prepared lcgs of the rock core portions

of each hole.

At the compietion of the investigation, the remaining sample
jars, Shelby tube samples, and rock core samples were stored

at +he St. Clair Power Plant.



4.0 SITE CONDITIONS

This section addresses the geology and generalized
subsurface soil conditions for this site. The geological
studies were based on a literature review, evaluation of
site boring logs, and ground water measurements. The soil
conditions were developed from an evaluation of the boring
logs and laboratory soil tests, along with geologic and
ground water evidence and also a review of previous

investigations.

4.1 GEOLOGY

-

4.1.1 Regional Geology

The site is located in the Lower Peninsula of Michigan on
tLe southeastern margin of the Michigan Basin (Figure 5).
This basin is a broad, shallow, tectonic structure
arproximately 300 miles in diameter and containing up to
14,000 feet of Paleozoic sediments in its central portion
near Mount Pleasant. Thickening of strata toward the center
oi Tne kasin indicates that the Lower Peninsula was a region
or zlow subsidznce with almos* continuous deposition
:hioughou: <h+ faleozoic. A large part of basin development

cecourred during Siluriar, Middie and Upper Devonian time

16



when about two-thirds of +he total Paleczoic sequence was
deposited. Subsidence apparently ceased at the close of

Jurassic time, about 135 million years ago, since no rocks

~of younger age are known to exist in the region.

During the Pleistocene, continental glaciers advanced and
retreated acrosslthe region many times, modifying the
bedrock topography and covering it with glacial drift, whiqh
now comprises almost all natural topographic features at the

site and in the Lower Peninsula.

Faulting is not common to the region, and no known faults
OocCur neaxr the'siﬁe. The nearest mapped faulting occurs in
the area of the Chatham Sag in eastern Ontario, about 15
miles southeast of the site; however, it is considered

iractive (Ref 1).

The Lower Peninsula of Michigan is an area of low seismic
activity where only -six earthquakes have been recorded in
hiﬁtoric time. None of these earthquakes can be related to
mapped faults or tectonic structures in the Michigan Basin.
According to the seismic risk map of the U.S. (Ref 2), the
site is located in Zone 1 which corresponds to Intensities V
ard VI (Modified Mercalli Scale of 1931), where only minor

damage should be 2xpected.

11



4.1.2 5ite G=ology

2 —-—
[
—_—

The sits is located in 8t. Clair County, Michigan, 3.5 miles

zouth of the city of St. Clair on an intermorainal glacial
lake plain (Figure 6) whose ground surface varies little

alove or below 587 feet in elevation.

These glacial laké deposits vary in thickness from 125 *o
170 feex within “he explored area of the site ﬁhere they
overlie an irregular bedrock surface (Figure 7). The
underlying bedrock consists of about 4,600 feet of Paleozoic
sedimentary rocks whose uppermost unit is the Bedford Shale
fcrmation of Mississippian-Devonian Age. The Paleozoic
rocks are underlain by metamorphic, igneous, and sedimentary

rcck of Precambrian Age (Ref 3).

overburden matériais consist primarily of unconsolidated
gray to brown, sbft to stiff silt and silty clays with
scattered fine sand lenses. Figure 8 shows overburden
thickness contours throughout the.site area and the cross
sections of Figure-g, A through N, show-local detailed
descriptions of site material.

The mos=z prominent‘feature'of the gedrock topography is a

generally north-south trending erosicnal channel in the

-

12



vicinity of the proposed plant. Subsurface profiles

{(Figure 9, A through N), normal to and along the trend of
+he channel, show an associated sand deposit whose known
maximum thickness is about 60 feet. Generally, the sand
appears to be in contact with the bedrock surface and thins
rapidly, or becomes absent, away from the channel. As
gvidenced by the drill hole logs, the sand occurs
sporadically elsewhere across the site. Sand thickness and
top of sand contour maps (Figures 10 and 11, respectively),
as well as the cross sections in Figure 9, A through N, show
that the location of these sand deposits is contrelled
mainly by the bedrock surface. The deposits generally £ill
low areasIOn this bedrock surface, suggesting the basal sand
is glaciofluvial outwash in origin and represents some of
the first material deposited on bedrock by meltwaters from

nearby glaciers.

Except for the baSal'glaciofluﬁial sand, all other glacial
material underlying the site appears to be glaciolacustrine

silty clays and silts with local sand lenses.

Bedrock at the site is the Bedford Shale formation of
Mississippian-Devonian Age. The rock, cored to a maximum
depth of 50 feet, consists of light to dark gray shale

varying from soft to firm. The soft shale in the upper

13



bedrock sequence is generally weathered and highly

fractured. The firm shale below is occasionally fractured, fﬂ)
put local vein gquartz infilling has strengthened the rock by

acting as.a cementing agent. The estimated top of firm-rock

(base of the weathered portion) is shown on the subsurface

profiles (Figure 9, A through N).

Rock stratigraphy below a depth of 50 feet to the top of the

Niagara group was interpreted from logs of five abandoned

wildcat oil and gas wells located on the site (Figure 12) -

The remainder of the Paleozoic interval was interpolated

 from nearby stratigraphic cross seciions (Ref 4) and the

Michigah Geological Survey Annual Statistical Summary

No. 18, Michigan's 0il and Gas Fields, 1972 (Ref 5). This

rock stratigraphy is summarized'iﬁ the geologic column in <;)

Fiqure 13.

4.1.3 _ Ground Water

The site is undérlain py relatively impermeable
glaciolacustriné, silty clays and silts ranging in thickness
from 125 to 170 feet with local lenses of glaciofluvial
sands. .These sénd lenses are moderately permeable bu£ are

+00 small to store or transmit much water. Beneath portions

14 | )



of the site, a basal, glaciofluvial, compact sand and silty
sand is encountsered immediately above the bedrock surface.
These sands attain a known maximum thickness of about

60 feet in the vicinity of the propocsed plant structures.
Water losses, occurring in these basal sands during the site
exploratioh drilling program, indicate they are relatively
permeable. Locally, throughout the region surrounding the
site, these sands yield enough ground water for domestic and

farm use (Ref 6).

A zone of highly fractured shale, between the top of rock
ard the +op of firm rock is moderately permeable. The
highly fractured shale ranges in thickness from zero feet to
over 45 feet in rock cores, and is indicated on subsurface
profiles in Figure 9, A through N. The permeable shale zone
and the basal gléciofluvial,sands probably act as a single

agquifer where they are in direct contact with each other.

Yields from most wells in the area, rlaced either in glacial
deposits or in bedrock, are less than ten gallons pef

minute. Ground water development is primarily fdr domestic
ar.d farm use. Municipal and industrial water is principally

obtained from surface water bodies.
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Ground water levels at the site were measured from four

observation wells installed during the site exploration | (H)
program. Hydrographs displaying water level elevations in

the four observation wells, with respect to time, are shown

in Figure 14, The initial slopes of the hydrographs

indicate the time reguired for water levels in the

okbservation wells to reach a hydrostatic level.

The water level 6f Observation Well 181, set at
Elevation 449.8 near the highly fractured shale bedrock,
stabilized 24 hours after installation; whereas, water
levels of ObServation Wells 7 and 24, set in
glaciolacustrine silts at Elevations 450.5 and 452.3

respectively, required several months to stabilize,

indicating they are essentially impermeable. The water
level of Observation Well 40, placed in a glaéiolacustrine
" silty clay'with some sand and gravel, at Elevation 509.1,
stabilized in three weeks, also indicating very low

permeability.

Ground water contours of the probable water surface beneath
the site are shown in Figure 15. Water level data spanning
several years, obtained from the Michigan State Geological

survey, was used in constructing the ground water contours.
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This data was used in conjunction with water level readings

obtained in June 1974 from observation wells on the site.

Elevation of the ground water varies by about ten feet in
the site area, génerally increasing toward the

St Clair River. Water movement beneath the site appears to
be westward away'from the St. Clair River which is probably
a rzcharge area. Approximate ground water levels are also

- shown on the subsurface profiles (Figure 9, A through N}.

Depth to ground water on the site varies from 5 to 15 feet.
Seepage of ground water into pits excavated below the zone
of water saturation will probably be slow due to the very
low permeability of the silty clays and silts that underlie
the site. Pits excavated‘to a depth of 30 to 40 feet for
the purpose of fly ash disposal were observed to contain no
water from ground water seepage when left open for several
days. The low permeability of the glaciolacustrine deposits
is also indicated by the slow response of water levels in
observation wells placed in either silty clays or silts. In
cases where local sand or gravel lenses are encountered
during excavations, ground water seepage may be substantial.
How=ver, a sump pumping system should be sufficient to
control ground watexr seepage from sand and grdvel lenses,

since these are generally small in size and cannot store
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much water. When predrilling for piles, water losses may be
experienced when drilling through the basal glaciofluvial

sand layer.

According to a southeastern Michigan water resources study
(Ref 6), ground water from the glacial deposits is of the
sodium bicarbonate type. In general, sodium and chloride
concentration increase with depth. Water hardness ranées in
concentration from 68.4 to 342.0 parts per million calciﬁm
carbonate, and'iion ranges in concentration from 0.5 to

1.0 parts per million. Water frocm wells in bedrock varies

in chemical composition, usﬁally coniaining large amounts of

calcium, bicarbonate, sulfate, and scdium chloride.

Knutilla's report (Ref 6) also indicates small to moderate
supplies of freshiwater are aﬁailable from the highly
fractured shale zone, but nearly all water is too highly
mineralized for most uses. In general, mineralization of
water increases with depth, whether in glacialrdepoéits or

bedrock.
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Betlot Effects of Man's Activities

4olea1 Presence of 0il and Gas

There are no active producing ©il or gas fields in the
immediate site area. Ten exploratory wells have been
drilled on the site to an average depth of 2,500 feet. All
wells were nonproductive except for two o0il and gas
producing wells located in the northwest corner of the site.
These wells, producing from Niagaran reef formations, were

aktandoned in 1970.

Several oil and gas fields associated with reef structures
have been developed in St. Clair County. The size of these
fields averages 570 acres and oil production rates in 1971
Qere about 25 gallons per acre per day. All ©oil and gas
fields surroundihg the site arpear to be fully developed and
nc further expansion is expected. Present oil and gas
extraction are not expected to present problems to the plant
structures. Figure 12 shows the locations of o0il and gas

wells on the site and in the site vicinity.
Isolated pockets of trapped gas occur in the overburden

urnderlying the site. Gas was encountered in seven

exploration borings (Table 1). No odor was detected in any
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of these borings, and in all cases, the gas disgipated after
48 hours. Safety measures for determining the existence of
and handling the gas should, however, be included in all
earthwork and foundation contracts. No unusual design or
construction problems due to the presence of gas are

expected.
4.1.4.2 Salt Solution Mining

Thick sa1£ deposits occur in two geologic horizons in
Michigan: the Devonian Detroit Riverlgroup and the Silurian
Salina group. Salt beds in the Detroit River group are
restricted to the northern half of the Lower Peninsula and
do not underlie the site area. However, salt beds in the
Saliné group have a large areal extent coVeriﬁg the central
three-fourths of the Lower Peninsula and occur beneath the

site.

Salt solution mining from the Salina group by the Diamond
Crystal Salt Company, located approximately one mile north
of the site boﬁndary, has been in prcgress for.a number of
yeafs. The Salina group underlying the site contains five
salt units interbedded with dolomitic shale, limestdne, and
anhydrize. Thé agéregate thickness of the salt is about 750

fee+ with the uppermost and lowermost units occurring,
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respectively, at depths of arrroximately 1,400 and 2,500

feet below the site.

The potential for sufface subsidence due to the collapse of
solution cavities wés evaluated from criteria used by the
U.S. Bureau of Mines (Ref 7). a potential area of
subsidence can be obtained by drawing a cone with sides at a
459 angle upwafd from the cavity. surface subsidence due to

that cavity will be within the area encircled by the cone's

intersection with the ground surface.

A cavity at a depth of 2,500 feet will have a potential area
of surface subsidence extending outward 2,500 feet from the
cavity's edge. At the present location of the Diamond
Crystal Salt Company's operations, surface subsidence due to
& salt cavity at a depth of 2,500 feet is not expected
within theAsiteh It should be emphasized that further
solution mining should not be permitted to develop cavities
closer +than 2,500 feet (horizontally) from any plant

structures.
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4.2 SUBSURFACE SOIL CONDITIONS
§elela General

The soil profile at this site may be divided into three
major strata. These divisions were based upon field
observations combined with results of all laboratory
testing. These strata have been designated as the upper,
middle, and lower strata and refer to depths of 0 to 20
feet, 20 to 50 féet, and below 50 feet, respectively.

Except for the dock, secondary coal storage area, and fly

. ash disposal areas, the entire site has a surface elevation
'of about Elevation 586, generally ranging from Elevation 585
to Elevation 590. The dock area is lower at Elevation 580
to Elevation 582, while the secondary coal storage area and
fly ash disposal area are higher at aprroximately Elevation
590 and 600 respectiveiy. Therefore, the depths qf the
different strata are approximate and are expected to vary
within 5 to 15 fee£ throughdut the entire project site. For
any particular location, the boring logs should be consulted
to associate the'soil properties with a particular stratum,

_Generalized ground surface contours are shown in Figure 16,

Selected subsurface profiles throughcut the entire site are

shown in Figure 9, A through N. The distribution of
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standard penetration blowcount with depth for various areas

is shown in Figure 17.

4.2.2 Upper Stratum (0-20 Feet)

The upper stratum consists primarily of mottled brown and
gray,‘stiff to very stiff, clays (Classification CL-CH) with
traces of fine sand and pebbles. Standard penetration
blowcounts increased from approximately 5 to 15 at the
ground surface to a range of from 10 to 40 at a depth of 10
feet (Figure 17). Below this derth, the blowcounts
decreased té a range 6f from 3 tc 12 at a depth of
'apprdximately 20 feet. Below 20 feet, there is an
okservable change in the color and consistency of the clay;
therefore, a depth of 20 feet is considered the bottom of

the upper stratum at this site.

Lakoratory consolidation testing has shown this stratum to
be overconsolidaﬁed. This preconsolidation was also
confirmed by the results of consolidated-undrained tfiaxial
testing, the empirical Skempton relationship as used to
determine preconsolidaticn rressure based on the undrained
shear strength of the soil and the liquid limit (Ref 8}, and

also a comparison of the nratural moisture content with the

23



Atterberg limits. It is believed that this stratum was
preconsolidated by desiccation based on undrained shear
strength behavior and other geologic evidence. The
estimated preconsolidation pressure rangeé between 4,000 to
9,000 psf. This corresponds to an overconsolidation ratio

between 4 and 8.

4.2.3 Middle Stratum (20 to 50 Feet)

Below the upper stratum, there is a very soft to soft gray
silty.clay (Classification CL) which extends from
approximately 20 feet below the ground surface to 50 feet
below the ground surface. However, this stratum was
encountered as closs as 11 feet from the ground surface in

+he dock areae.

Standard penetration blowcounts in this.stratum ranged
between fairly close limits. In all areas except the
docking facility; blowcounts ranged from 2 to 7 blows per
foot. Generally, the higher blowcounts were noted at the
top and bottom of the stratum and decreased in the center,
At the docking facility, the average blowcounts remained

~ constant at about 2 blows pér foot throughout the entire

depth, and the higher blowcounts remained constant at an
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average of 15 blows per foot. Although blowcounts at the
docking facility were somewhat lower than other locations,
raboratory engineering properties were not significantly

different.

Consclidation tests and other empirical evaluations show
this stratum to be slightly overconsolidated, with
preconsolidation pressures ranging between 3,500 to

4,500 psf. This corresponds to an overconscolidation ratio

between 1.3 and 2.0.

Uo2.4 Lower Stratum (Below 50 Feet)

Thié stratum consists primarily of a firm gfay plastic silty
clay Classification (CL). However, some fine sand seams and
silty claYs with an appreciable amount of sand (as much as
40%) were encountered at varicus depths as shown in the
subsurface prdfiles (Figure 9, A through N). Significant
sand deposits were also found beneath the main plant area as

noted in Section 4.1.Z.

Blowcounts in this stratum varied depending on the amount of

sand present. Typical standard penetration blowcounts
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ranged from 2 to 7 blows per foot at a depth of 50 feet, to
10 to 25 blows per foot at a depth of 70 feet. Below the 70 (ﬁ)
foot depth, the standard penetration blowcount in the clay
scils increased to an average of approximately 20 blows per
foot at a depth of 125 feet (range of 5 to 40). Below this
depth, the blowcounts in all areas increased until bedrock
was encountered at depths of 125 to 145 feet. Within this
depth range, clays with high sand content, sand deposits,
hardpan, or combinations were encountered above the bedrock.
standard penetration blowcounts in the sandy zones above the
bedrock are quite variable, although the average was found

to be 40 to 50 blows per foot.

Except where a significant amount of sand was present, this

s+ratum can be subdivided intc three layers based on the \;)
degree of ove£c0nsolidation. These layers are from 50 to 70

feer (transiticn zone between upper and middle strata), 70

to 90 feet and below 90 feet, respectively.

4.2.4.1 Layer From 50 to 70 Feet (Transition Zone)

The first of these layers is designated as the transition
zone and ranges from 50 to 70 feet deep. According to

Skempton's statistical relationship and the natural moisture

content and plasticity ranges, the scils within this layer
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are slightly overconsolidated. The Skempton empirical
procedure was used to evaluate the preconsolidation pressure
because of the lack of a sufficient number of consolidation
tests for this layer. The estimated preconsolidation
pressure for this layer ranges between 4,000 to 8,000 psf.
This corresponds to an overconsolidation ratio between 1.0

and 1.6.
4.2.4.2 Layer From 70 to 90 Feet

Based on consolidation tests and the same Skempton
relationship, the soils within the depth range of 70 to 90
feet are considered slightly overconsolidated but to a
greater degree than the transition zone. Apparently, the
normal geological process of deposition of the clay was
interrupted at this depth. Since the soil appears to be
virtually the same type as that below it,' this increaéed
ovérconsolidation must be due to either additional
deposition above 70 feet and then erosion to the 70-foot
depth, or desiccation as was noted in the upper layer,
followed by deposition to its present elevation. The
urdrained shear strengths have the general tendency to
decrease very slightly with depth below 70 feet, thus the
apparent overconsolidation is likely due to desiécation.

The estimated preconsolidaticn pressure for this layer
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ranges between 6,000 and 9,000 psf. This correéponds t0 an

overconscolidation ratio between 1.0 and 2. 4.
4.2.4.3 Layer Below 90 Feet

The soil properties below 90 feet are very similar to those
immediately above, except for the degree of
overconsolidation and undrained shear strength.
consolidation test results and evaluation of the moisture
cdntent versus Atterberg limits show these soiis to be very
siightly overconsolidated to normally consclidated. The
estimated preconsolidation pressure for this strata ranges
between 6,000 and 9,000 psf. This ccrresponds to an

overconsolidation ratio between 1.0 and 1.2.
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5.0 LABORATORY SOIL TESTING

5.1 INTRODUCTION

The lakoratory *testing program ccnsisted of the

classification and engineering properties tests listed below

and further described in this Section. The testing program

was developed by Baechtel and conducted by Goldberg-Zoino and

Associates and U. W. Stoll and Associates under the

direction of Bechtel.

a}
b)
c)
d)
e)
£)
9)
h)

i)

3)

k)

1)

Visual and latkoratory Classification
Moisture Content and Dry Unit Weight
Atterberg Limits

Specific Gravity

Mechanical Analysis

Unconfined Compression Test (Qu)
Laboratory Vane Shear Test

Unconsolidated~-Undrained Triaxial
Compression Test (UU)

Consolidated-Undrained Triaxial
Compression Test With Pore Pressure
Measurement (CU)

Consolidation Test

Parmeability Test

Compaction Test
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The majority of tesﬁing was carried cut by Goldberg-Zoino
and Associates cf Newton Upper Falls, Massachusetts, from
January 1974 through January 1975. Additional tests wefe
made by U. W. Stoll & Associates of Ann Arbor, Michigan,
during the summer of 1975. This was to provide-more
detailed information for the coal reclaim hopper south of

Transfer House 5 (Figure 2).

The test data are presented in Appéndix ¢ of Volume 2 in the
form of tables and figuiés. Selected propertiés such as dry
density, moisture content, Atterberg limits, and soil
cohesion from unconfined compressicn,
unconsolidated-undrained triaxial testing and vane shear
tests have also been included on the boring logs presented
in Appendix B. Intérpretation of test data and development

of soil properties for design are presented in Section 6.

5.2 CLASSIFICATION TESTS
Visual classificatiOn was in accordance with ASTM D 2u88,

and laboratory classification was in accordance with

ASTM D 2487.
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5.2.1 - Moisture Content and Dry Unit Weight

Moisture content and dry unit weight were determined for all
undisturbed soil samples selected for any type of testing,
along with the moisture contents for other selected split
sroon samples. Determination of moisture content was made
in accordance with ASTM D 2216 and the unit weight.was

determined by direct measurement.

5.2.2 Atterberg Limits

Atterberg limits determinations were made in accordance with

ASTM D 423 (liquid limit) and ASTM D 424 (plastic limit) on

all samples selected for unccnfined and triaxial shear
testing, consoiidation testing, and on other selected

rlastic soils.

5.2.3 Specific Gravity

Specific gravity tests were made on all samples subjected to
censolidation testing, as well as on other selected samples,

in accordance with ASTM D 854,
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5.2.4 MechanicalﬁAnalysis

Mechanical and hydrometer analysis determinations were made

in accordance with ASTM D 422 on selected samples. -

5.3 ENGINEERING PROPERTIES TESTS

5e3a1 Unconfined Compression Tests:

Unconfined comgression tests were performed on

representative samples of all strata to evaluate the in situ .|
shear strength. The tests were also performed on remolded
samples to evaluate the soil sensitivity and the available {i)
shear strength.under remolded conditions. All tests were
performed in accordance with ASTM D 2166. .Stréss versus
strain curves have also been presented in Appendix C. These
allowed an evaluation of the shear strength at different
strain lévels and also the initial tangent modulus. Dry
density, moisture content, and Atterberg limits are also
reported for each test. Results for.undisturbed samples are
summarized in Table 2 while the results for compacted

samples are summarized in Table 3.



—

5.3.2 Laboratory Vane Shear Tests

Vane shear tests were performed crn selected soil samples
from the dock area to evaluate both the.undisturbed and
remolded shear strengths. This was done primarily to
determine the degree of sensitivity of the soil and also +o
ccmpare the results with those of other undrained shear

strengths. This data is summarized in Table 4.

5.3.3° Unconsolidated-Undrained Triaxial Compression
Tests (UU)

Unconsolidated-undrained triaxial compression tests were
made on selected undistrubed samples to compare with the
results obtained from the unconfined compression testing.
This test is also considered appropriate for cohesive
samples which contain appreciable amcunts of silt or sand
size particles. Procedures utilized were in accordance with

ASTM D 2850.

All unconsolidated-undrained triaxial tests were performed
at confining pressures approximately equal to the effective
overburden pressure at the sample depth. The stress-strain

curves, moisture contents, and dry densities are also given
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on the laboratory test result sheets in Appendix C. The

results are summarized in Table 5. [y
Se3.4 Consolidated-Undrained Triaxial Compression Tests

with Pore Pressure Measurements (Eﬁj

Consolidated-undrained triaxial compression tests with pore
Eressure measurements were made on undisturbed samples from
all strata and en selected remolded samples using the
Harvard Minature Compaction Method. All samples were
saturated by the back pressure method. A minimumrof three
separate samples at the same approximate depth were then

consolidated to confining pressures approximately equal to

P
[
A

0.5, 1.0, and 2.0 times the effective overburden pressure}
respectively, before testing. Confining pressures, moisture
contents, dry densities, etc. are shown on the test data
sheets. Effective and total strength envelopes were
obtained for each series tested. Plets of pore water
pressure, deviator stress, principal stress ratio, and
Skempton's A parameter versus strain are given in

Appendix C. All results are summarized in Table 6.
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5.3.5 Consoijidation Tests

Consolidation tests on selected soil samples were made by
loading test specimens up to applied pressures as high as
24 ksf in accordance with ASTM D 2435. A modification of
ASTH D 2435 to provide a rsbound-recompression curve near
the overburden pressure (Burmister Loop) was also used on
selected samples (Ref 9). This modification consisted of
loading the test specimens to the approximate in-situ
overburden pressure, or slightly above, and then reducing
the load to either 2 or 4 ksf. Samples were then reloaded
to the maximum pressure and rebounded to zero load. The
consolidation bowl was filled with water when the pressure
reached the approiimate effective confining pressure at the
sample depth. Tests on compacted samples were also made.:
Results of the consolidation tests and a summary of the
coefficient of consolidatign by koth the square root and
logarithm of time fitting method are included in Appéndix Ce.
The results of undisturbed and compacted samples are

summarized in Tables 7 and 8, respectively.
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5.3.6 permeability Tests

Laboratory permeability tests were performed on
representative clay specimens. Specimens were saturated by
the back pressure method and tested under a confining
pressure equal to the effective overbufden pressure.
Permeability was determined by using the constant head
permeability test as adapted to triaxial equipment. all

permeability results are summarized in Table 9.

5.3.7 Compaction Tesgts

CompactiOn tests were made in accordénce with ASTM D 1557 on
selected samples representative of the upper soils that
could be excavated and used as a £fill mate;ial. The curves
of dry unit weight versus moisture content are presented,

along with the Zero air voids curve in Appendix C.
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6.0 SOIL PROPERTIES FOR DESIGN

6.7 INTRODUCTION

Ir, this section, the results.of laboratory tests are
discussed along with the ranges and recommended design
values of soil properties. The generalized design values
are believed to be conservative for the entire site. Higher
values may be justified based on a localized evaluation of
subsurface conditions and on the nature of the engineering
problem under consideration. The recommended design

properties of the site soils are compiled in Table 10.
6.2 INTERPRETATION OF LABORATQRY TEST DATA

6.2.1 Natural Moisture Content and Dry Unit Weight

The natural moisture content and dry unit weights for the
entire site have been plotted in Figure 18. In-addition,
for each sample, the correspdnding total unit weight has
also been calculated and presented. Although the figure for
moisture content shows a fairly narrow range at all depths,

there is considerably more scatter in the measured dry unit
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weight, thus producing 2a moderate scatter for the total unit
weight. The design value for total unit weight versus depth
has been based upon the predcminant density at each depth
with appropriate consideration fcr the scatter. Generally,
as shown in Figure 18, a constant value of total unit weight
can be used for each major stratum. Following ére the

ranges and recommended design values for each major stratum:

Ranges of Natural Properties

Design
Dry _ Total Total

Depth Density Moisture Density Density
(Ft) (PCE) content (%) (PCF) {PCE)
0-20 . - 95-105 22-34 115-133 125
20-50 80-90 30-45 110-125 115
50-110 95-105 15-30 120-130 125

110+ 80-100 20-40 110-124 120

The scatter in d4ry unit weights below a depth of 110 feet as
shown in Figure 18, is 1ikely due to the presence of a
slightly higher percentage of sand in some of +the samples at

this depth.
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6.2.2 Atterberg Limits

Atterberg limits results are presented in Fiqures 19 and 20.

'~ Figure 19 contains three plasticity charts showing values of

plasticity index (PI) and the liquid limit (LL) for the
upper, middle, and lower strata. As shown in this figure,
the upper stratum is the most plaétic and the lower stratum
the least plastic. This is attr%buted to the higher silt
and sand contént of fhe lower stratum. Ranges of liquid
limit, plastic limit (PL) , and plasticity index were derived

for each of the three strata.

Depth LL PL PI
0-20 39-63 17-26 18-39
20-50 35-55 16-25 15-32
50+ 20~-55 12-25 8-31

Figure 20 shows the plasticity ranges and the corresponding
moisture content versus depth for the main plant area, the
main coal storage area, and the dock area. The figure shows

that the plasticity characteristics of these three areas are

similar.
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6.2.3 Mechanical Analysis

This site is predominantly a clay site with the exception of
the 60 foo£ thick sand deposit above rock in the vicinity of
the main plant. Localized sand and silt 1ense$ of nominal
thickness were also found at variable locations and

elevations throughout the site.

Grain size distribution curves for the upper, middle, and
lower strata are shown on Figures 21 and 22. Figure 22
_further subdivides the grain size distribhtion curves of the

lower stratum for five major areas of the site.

Nearly uniform conditions were encountered in the upper
stratum with very little evidence of sand. This is shown in
Figure 21 by the very close grouping of the grain size

distribution curves within the clay size range.

Below 20 feet, a significantly greater percentage of sand
size particles is apparent from Figures 21 and 22. Figures
21 and 22 show that in general, the cohesive soils within
the middle and lower strata do not contain more than about
40 percent sand, and most have no more than 20 to 30 percent

sand.
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The grain size results for the site are presented in

Figure 23 in a different manner. This figure is a
presentation of the mean grain diameter Dee versus depth.
it shows that, above the 90 to 100 fcot depth, the majority
of the data points fall within the clay and silt range
while, below ﬁhe 90 to 100 foot depth, the majority of the

data points fall within the silt and sand ranges.

baZ.l. Activity of Clay

The activity of a clay is determined by plotting the
plasticity index versus the percent of élay”size particles
less than two microns on an activity chart as shown in
Figure 24. The figure shows that the activity values of the
different samples represented are generally similar, méking
it.possible to fit a single straight line through all the
data. This line has a slope of 0.4 indicating the activity.
The values generally ranged between 0.3 and 0.5. These

activity values put the clays at the site in the inactive

category according to Skempton (Ref 10}.
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fel2e5 undrained Shear Strengfh‘

The results of all unconfined and unconsolidated-undrained
compression tests along with all of the laboratory vane
shear tests are combined in Figure 25. This figure shows
+he results of each type of test with a different symbol.
other than for the upper stratum where the |
unconscolidated-undrained shear strengths were somewhat
higher, all thrée tyres of tests gave comparable results.
The shear strength was also evaluated for each major area
separatelf (dock, coal hopper, main plant); hcﬁever, it was
found that +he generalized interpretaticn showh by the
dashed line in Figure 25 is conservative and representative

for all areas.

The shear strength results frcm previous borings in the

St. Clair Power Plant area are presented in Figure 26. The
interpretations of the two sets of data shown in Figures 25
and 26 are superimposed in Figure 27 for comparison. This
figure shows that the strength values obtained from the two

separate investigations are in good agreement.
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In addition, the empirical Skempton relationship:
S, /P = 0.1 + 0.004 PI {1)

. nas been used to calculate the undrained shear strength (Su)
for known values of plasticity index under two overburden
pressure (P) conditions. One assumption is that P is equal
to the effective overburden pressure (Figure 28a) and the
other assumes that B is equal to the overconsolidation
pressure determined by Casagrande's Method (Figure 28b).
These assumptions give the anticipated upper and lower
boundaries of undrained shear strength as determined by this
relationship. The range of plasticity index for the soils
tésted during this investigation (Section 6.2.2) fall within
the range of applicability of Equation 1 as shown in

Reference 8.

The design recommendations presented below were based on the
results shown in Figure 25 with consideration of the results
of previous investigations (Figure 26) and the empirical
undrained shear strength values obtained from the Skempton

relationship (Figure 28).
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Depth Below Peak Undrained

‘Ground Surface Shear Strength (psf)

- Stratum {Feet) Effective Range Design Value
Upper 0-20 1,100~3,000 550
Middle 20-50 350-1,500 550
Lower 50-90 500-3,000 1,000

90+ 500-1, 500 850

The basis for the selection of the design undrained shear

strength for the upper stratum is discussed below.

6.2.5.1 Upper Stratum

Based upon the laboratory test results from this
investigation, the undrained shear strengths for the upper
stratum were found to range between 1,100 and. 3,000 psf. -
The most predominant value-of undrained shear strength was
approximately 2,000 psf. These undrained shear strengths
generally tend to aecrease with depth which is indicative of

a clay preconsolidated by dessication.

However, it should be emphasized that for préconsolidated
clays having overconsolidation ratios of four to eight as in
this case, the peak undrained shear strength often cannot be
depended upon. The laboratory peak strength for soils of

+his type will give higher undrained shear strength than
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that which will actually develop in the field under long
term conditions. This is because high negative pore
pressures develop during shearing of the soil in the
laboratory (Ref 11) and these are nct expect2d to develop to
+he same extent or remain for any long period of time in the
field. 1In addition, as the soil dries out (desiccates), the
soil contracts and shrinkage cracks form within the
desiccated layer. This allows failure +o occur on
pre-formed failure planes and the full undrained strength of
the soil is not developed. For this situation, the |
available long term strength is closer to the residual

strength (Ref 12).

In evaluating the shear strength to be used for the upper
stratum, the typical shape of the stress-strain curves
during failure of the sample was also considered. These
curves are shown for each sample on pages C-271 through
C-341 of Appendix C in Volume 2. The curves show a
"brittle®" soil which reaches its maximum strength at
relatively low strain (2-5%), at which point the strength
drops off fairly rapidly. This stratum will reach its
maximum strength first with respect to the lower stratum, if

subjected to the same strain.
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It should be noted however that the reduction in strength
with increasing strain was noted primarily in the unconfined
compression tests which represented the majority of
available data. This strength reduction is partially caused

by the lack of sample confinement inherent in the test.

Considering all of the above factdrs; a design shear
strength of 550 psf is recommended for the upper stratum.
This wvalue is appfoximately one half the lower bound
strength predicted from the laboratdry tests. Values up to

1100 psf may be justified in some situations.

comparing the above laboratory test results with.the
empirical shear strength values cbtained by the Skempton
grocedure, the average undrained shear strength for the
stratum would range between 250 psf, for a normally
consolidated soil (Figure 28a), to 1,000 psf for an
overconsolidated soil (Figure 28b). It should be noted,
hcwever, that the values of shear strength are influenced by

the effective overburden or preconsolidation pressure

substituted into the Skempton relationship. In reality, the

shear strength for th= upper stratum will be higher than
+hat indicated in Figure 28a for a normally consolidated

scil. This is primarily because of the influence of the
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shallow depth and the preconsolidated nature of this
stratum. Since this stratum is cverconsolidated, the
empirical shear strength value of 1,000 psf, as shown in

Figure 28b, should be closer to the actual shear strength.

Although higher shear strengths were obtained from undrained
shear strength testing, the higher values caﬁnbt be
recommended because of the potential pre-formed failure
planes and also‘the relatively high negative poie Fressures
that develop in testing but do not exist to the same degree
in the field. Both of these tend to decrease the measured
shear strength, although the amount of decrease cannot be
adequately determined. Thus, a value of 550 psf is
recommended primarily based upon the residual shear
strengths obtained from unconsolidated-undrained shear

strength testing and the results of triaxial testing.

6e240.2 Middle Stratum

The middle stratum has been found to be the weakest stratum
at this site. Undrained shear strengths based on.laboratory
test results range from 300 tc¢ 1,000 psf with the most
rredominant value being 550 psf. Unlike the upper stratum,

the stress-strain curves for this stratum typically peak at
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low strains (about 2%) with only a slight reduction in
strength at higher strains. As sﬁown in Figure 25, the
éhear strength from test results can be taken as
approximately constant with depth at 550 psf over the rangé
of 20 to 50 feet;. This value is recommended for design.
The strength of 550 psf was found to be within the range

obtained from the Skempton's relationship utilizing both the

effective overburden pressure and preconsolidation pressure

(Figure 28a and b, respectively)e.

1f normally consolidated conditions are assumed as shown in
Figuré 28a, the resulting shear strength is very nearly
equal io that obtained by laboratory testing. The figure
shows a gradual increase in shear strength with depth
ranging from about 400 psf at a depth of 20 feet to about
650 psf at a depth of 50 feet. This increase is imposed by
_ the nature of Skempton's relationship and should be expected
for normally consolidated clays if perfect samples are

obtained. The laboratory results do not show this trend,

and this is an indication of sample disturbance. A slightly

higher shear strength is obtained when the preconsolidation
Cressures are used as shown in Figure 28b: the average shear
strength decreases from 900 psf at a depth of 20 feet to

800 psf at a depth‘of 50 feet. This reduction in strength
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with depth is caused by the reduction in preconsolidation

pressure determined from consolidation testing.

6.2.5.3 Lower Stratum

The lower stratum can be taken as beginning at a depth of
approximately 50 feet and extending to bedrock at depths
ranging from approximately 125 to 145 feet. This stratum
may be further subdivided into two layers és far as the

undrained shear strength is ccncerned.

6.2.5.3.1 Layer From 50-90 Feet

Ags shown iﬁ Figure 25; distinctly higher shear strengths
were obtained from depths of 50 to 90 feét. The soils in
+his layer are considered to be moderately overconsolidatéd.
Comparing the natural moisture content and dry unit weight
in this layer with the layer below, the natural moisture
content did not decrease significantly with increasing depth
‘nor did the dry unit weight increase significantly with
irncreasing depth. Thus, it is pcssible that this layer was

also preconsolidated by desiccation, although the trend in
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shear strength variation with depth does not provide enough

evidence to conclude this.

A fairly wide range of 1aboratory‘shear strengths was
oktained as shown in Figure 25. These valueé ranged frdm
about 500 to 3,000 psf with approximately two-thirds of the
data ranging between 500 and 1,500 psf and the oﬁher third
between 1,500 and 3,000 psf. The most predominant value
between 500 and 1,500 psf was 1,000 psf. As shown in
Figure 28, the estimated éhear strength at a depth of

50 feet, based On.the skempton statistical procedu;e, was
found to be either 650 or 850 psf, dépending on whether
normally consolidated or overconsclidated conditions-are
assumed. Both procedures give a shear strength of

approximately 1,000 psf at a depth of 90 feet.

Typical stress—-strain curves for soils between 50 and 90

feet either remain constant with strain near the peak stress
or drop somewhat as can be seen on pages c-271 thru c-341 of
Appendix C in vVolume 2.  However the drop in stress occurred

at & higner strain in £he range of 10-12%.

considering the higher strain at which the peak soil

strength occurs and not-discounting ccmpletely the lower
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shear strengths as predicted by the Skemgton procedure, the

shear strength of 1,000 psf is recommended for this layer.

6ea2.5.3.2 Soils Below 90 Feet

Irdications are this layer is normally to very slightly
overconsolidated. Based uron the laboratory test results,
the shear strength in this layer ranges between 500 and
1;500 psf with an average of épproximately 850 psf.- The
decrease in undrained shear strength; as compared to the
layer above, was also noted in the laboratory test results
ottained from the previous investigations. Figure 26 shows
values of shear strength between 200 and 1,000 psf with an

average of 600 psf.

comparison of the strength predicted from Skempton's
equation (Figure 28) and the strength data in Figure 25
shcws that the upper bound of the laboratory strength (1;500
psf) is close to the strength predicted by the Skempton
equation.r However, it should be notéd that in this case,
the Skempton procédure is alsc influenced by the greater
depth (the actual value of ihe effective vertical pressure),
ard it is possible that the actual shear strength may be

lower than predicied by this method.
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The actual shear strength reduction associated with the soil
below 90 feet may be due to several causes, the most
plausible of which is sample disturbance. This was borne
out by rﬁnning both undisturked and remolded unconfined
compression tests (at thé same moisture content and dry
density) on the same sample, sSee Tables 2 and 3. The ratio
between these twe tests (undisturbed strength divided by
remolded shear strength} is called sensitivity. These
rables show that the sensitivity of the site soils was
generally between 1.0 and 1.5. This is another indication
that, but not necessarily a conclusicn that, %“he samples

have been disturbed.

One additional ccnsideration in explaining the reduced
strengths at great depths is the amount of sand present
(Figures 21, 22, and 23}. This could cause a reduction of

the laboratory strength in unconfined compression tests.

Since the standard penetraticn blowcounts do not decrease
within this depth (Figure 17), and the Skempton empirical
relationship shoﬂé a high strength, the average stréngth of:
850 psf obtained from laboratory tests is considered |

conservative and is recommended for the soils below 90 feet.
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6.2.6 Shear Strength From CU Tests

Tre long term (drained) shear strength has been determined
by consclidated-undrained triaxial tests with pore pressure
measurements. In addi+ion to the Mohr-Coulomb envelopes for
total and effective stresses, the deviator stress, effective
stress ratio, chénge in pore gpressure, and Skempton's A
parameter have also been plotted versus strain and are
ircluded in Appendix C of Volume 2. The failure criteria
resented was based on the peak deviator stress. If a

maximum stress ratio failure criteria is desired, it can be

readily obtained.

In order to evaluate +he total and effective stress

' parameters, the stress point or "p-q" diagram as suggested

by Lambe and Whitman (Ref 13) has been used. These diagrams
are shown in Figures 29 and 30 for total and effective
stress parameters, respectively. These figures show that
the "p-g" diagram for effective and fotal stress can be
idealized by two straight lines intersecting at a pressure
corresponding to a depth in the range of 55 to 62 feet.

This depth also corresponds to the division between the
middle and lower stratum. The np-g" diagrams are used to

calculate the effective and tctal stress parameters required
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to determine shear strength from the Mohr-Coulomb

relaticnships (Ref 13).

The Mohr-Coulomb relationship for effective stresses is

given by:

Where T

¢I

c' + g' tan ' , (2)
drained shear strength

effective normal stress on failure
plane at failure

cohesion intercept for effective
gtresses

angle of internal friction
for effective stresses,

and the Mohr-Coulomb relationship‘for total stresses

is given by:

S

where S

c + O tan ¢ (3)
shear strength

total normal stress on failure
plane at failure

cohesion intercept for total
stresses

angle of internal friction for total
stresses.
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Recommended valuss of effective and total stress parameters

for each stratum are given below:

Total Stress Effective Stress
Basis Basis
Depth (Ft) ¢7' c (PSF) 4" c' (PSF)
0-20 130 450 289 .0
20-50 130 450 280 0
50+ A 700 22° 250
6.2.7 *  Tangent Modulus of Elasticity

The initial modulus of elasticity has been plottéd versus
depth on Figure 31 for all of the undrained shear strength
tests. Although there is some scatter, a reasonable design
value can be determined for each of the three strata. These

values are given below and are further discussed in this

Section.

Depth | Undrained Tangent Modulus E (ksf)
Stratum  (ft) Effective Range Averaqge Design_Values
Upper 0-20 100-200 175 700
Middle 20-50 25-120 : 65 - 330
Lower 50+ 25-240 100 550
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I+ has been found that for settlement calculations the
values obtained from undrained shear strength tests should
be increased by a factor of four to five to give results
that agree with measured settlements (Ref 13). The lower
measured test values can be attributed to sample
diswurbance. Bjerrum (Ref 14) has suggested that the
modulus can be obtained by multiplying the undrained shear
strength by a factor of 400 to 600. However, for this site,
the ratio E/S,; has beén found to be approximately 100 for
all of the soils tested, except the middle'stratum which
showed a slightly higher ratic of approximatelf.140.
Therefore, the values of E/S, obtained in this investigation
are apparently lower by a factor of four to gix than what
would be generally'expected. Both the modulus of elasticity
and the undrained shear strength are apparently lower, with

+he greater reduction in the modulus of elasticity.

Therefore, an increase in the modulus of elasticity from
+zst results by a factor of as high as four to five is
justified in the average modulus of elasticity values as
de~ermined from the undrained shear strength tests. Based
on this criteria,and the corresponding criteria of 400 to
600 times the undrained shear strength, initial static

modulus of elasticity values of 700, 330, and 550 ksf are
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recommended for the upper, middle, and lower strata,

respectively.
6.2.8 consclidation
Gea2.8.1 Preconsolidation Pressure

Figure 32 shows the variation of preconsolidation fpressure
with depth as determined by Casagrande's Procedure. Samples
believed to be relatively disturbed based on the shape of
the consolidation curve have been designated with a
diéferent symbol in Figqure 32. Also included in fhis figure
is a plot of moisture content with respect to'Atterberg
limits versus depth for all cf *+he consolidation tests to
assist in estimating the degree of overconsolidation. A -
natural moisture content near the plastic limit indicates an
overconsolidated soil, whereas a natural moisture content
near the liquid limit indicates a normally consolidated
soil. These data are shown on the léft side of Figure 32
for each of the consolidation test results preéented. This

figure shows the subsurface soils at this site are

preconsolidated to some degree, for their entire depth.
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To help determine a design preconsolidatiOn pressure,
Skempton's procedure has alsc been used to estimate the
prec0nsolidation pressure from the plasticity index and the
unconfined and uﬁdonsolidated-undrained compression tests.

This intérpretation is shown in Figure 33.

Ae shown in Figure 32,.almost all of the soils at this site,
with the exception of the upper stratum soils (0-20 feet)
and soiis from 50 to 90 feet, car be considered normally to
slightly overconsolidated for design purposes. This is
because of the relatively slight.overconsolidation shown by

consolidation tests.

The soils from 0 to 20 feet (upb€er stratum) have been
preconsolidated ry desiccation. This judgement is based
primarily on the general decrease in shear strength with
depth as shown in Figure 25 as opposed to soils
preconsolidated by either glaciation or preloading which

will nave shear s=rengths increasing with degth.

The design preconsolidation pressure for +he upper stratum
has been determined by drawing the precompression line along
the lower bound of preconsolidation pressure as detexrmined

by consolidation test results. This is nearly parallel to
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and slightly lower than the Freconsolidation line as

determined by the Skempton Frccedure (Figure 33).

Freconsolidatad soils were also noted between 50 and 90 feet
based on consolida*icn tests and the Skemrton equation

(Figures 32 and 33) . This is also the depth range in which

higher undrained shear strengths were obtained from

laboratory tests (Figure 25). Although it cannot be said
c0nc1usively, it appears that the soil from 50_to 90 feet
was also preconsolidated by desiccation as with the upper
stratum ratherlthan by glaciatior. Since the soils below.
90 feet appear to be only slightly overconsolidated atrthe
most, desiccation appears to be +he most plausible

explanation for the preconsolidation.

Considering the scatter in the preconsolidation pressure
based on Casagrande's Method and the predicted
preconsolidation pressure based on Skempton's felationship,
the recommended design curve for preconsolidation pressure

is as shown in Figure 33.
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BeleBal Settlement Parameters

The compression index Ca)r swelling index (Cp). initial
void ratio (&g) and the settlement parameter (Cc/1+eo) ail
versus depth are shown in Figures 34, 35, 36, and 37. The
range of values 1is small enough that a constant value can be
used throughout each major stratum, and the design curves
shown are drawn to reflect this. presented below are the

ranges and recommended design values for the various

parameters.
Depth _ :
(£t) C. Range C,. Range €4 Range
0-20 0.14-0.16 0.05-0.07 0.65-0.80
20-50 0.33-0.45 0.09-0.10 0.72-1.10
504 0.18=-0.41 0.05-0.08 0.60-1.00
Co/ 1+eg Cr/1+eO
Depth
(££) ‘ Range Design Design-
Ua20 0.10-0.15 0.13 0.04
20~-50 0.15~0.24 0.20 0.04
50+ 0.11-0.21 0. 14 0.0U

values of the compression index (Cc) and the swelling index
(C,) are plotted versus liquid limit, fcr the soils tested,

in Figure 38. The soils frcm the upper stratum are
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identified wi+h different symktols because of the
overconsolidation of this stratum. The empirical

relationshirp:
Ce = 0.009 (LL - 10) (4) -

and the plus or minus 30 perceht upper and lower bounds
suggested by Terzaghi and Peck (Ref 12) are superimposed in
Figure 38. The compression index values (Cy) measured in
this investigation compare favorably with the empirical
relationship. The data for the upper stratum fall around
+he lower bound of this relationship, as should be expected

because of tha overconsolidaticn.

Similar results were obtained for the swelling index (Cy)
values. Based on the data in Figure 38, the relationship
between swelling index and liquid limit for the soils tested

can be expressed by the equation:

Cy = 0.002 (LL - 2.5). (5)
Figure 38 also shows an upper and lower bound representing a
variation of plus or minus 30 percent from the above

relationship. It was found that these lines represent good

upper and lcower bounds for the data.
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6.2.8.3 coefficient of Consclidation

Figure‘ag shows values of the coefficient of consolidation
(C,) versus pressure for the threé major strata. The
relationship between C, and the logarithm of pfessure is
represented by a band and an average curve for each stratum
as shown in tﬁe figure. These bands and éverage curves
conform to the general relaticnship presented by Lambe (Ref
15) . As shown in the figure, the effective range of the
coefficient of.consolidation is 0.05 to 0.25 square feet per
day for all samples tested over the pressures involved. An
overall average of 0.15 square‘féet per day is recommended

fcr design.

6.2.9" Permeability

Constant head permeability tests were performed on samgles
of silty clay taken from depths ranging from 20 to 90 feet.
All samples were saturated in a +riaxial cell by back
pressure and tested at a confining pressure approximately
equal to +he effective overburden pressure. The coefficient
of permeability was found to range from.1.6 x 10—-8 cm/sec to
2.6 x 10-8 cm)sec for void ratios between 0.4 and 0.9.

Thus, for any engineering analysis, an average permeability



of 2 x 10-® cm/sec may be used for the silty clays found at

this site.

6.2.10 Compaction

The results of all laboratory compaction tests are shown in
Figure 40. The tests were performed on samples from the
upper stratum and the results g;cuped according to soil
tyre. Since the soils below this depth are soft to very
soft, only the upper stratum is expected to be used for fill
material. The zero air void curves (100% saturation) were
plotted assuming specific gravities of 2.70 and 2.75. The
two diagrams cn the left side of the figure (CL and CH
scils) show results from samples taken northwest of the
plant site hear the iﬁtersection ©f King and Puttygut roads.
This is within the proposed fly ash dispcsal area and is a
potential borrow area for the remainder of the plant. The
diagram on the right side of this figqure (CL-CH scils) shows
results from samples taken in the vicinity.of the proposed

main coal pile.
Since “he most predominant na+ural moisture content for the

upp2r stratum scils is about 26%, this indicates that on the

order of 10% o 16% reduction in moisture content will be
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necessary to compact these soils to the maximum dry density,
and approximately 6% to 10% reduction will be necessary to
obtain 95% of the maximum. Because'of the relatively large
amount of drying required, compaction of these soils will be

difficult.

64



7.0 SUMMARY AND CONCIUSIONS

An exzensive subsurface investigation program was conducted
at the Belle River Project site. The investigation
consisted of geologic studies, ground water measurements,
soil/rock borings, and laboratory soil testing, along with
an =2valuation of pravious investigations at the site. The
subsurface investigation was directed at confirming the
suitability of the site and providing generalized soil
parameters and information fcxr design of the various plant

facilities.
The investigation showed that:

ae Geologic and subsurface soil conditions at the
site are suitable for the develcpment of the

Site.

b. Ground water informaticn, based on four
observation wells monitored fcr a period of one

year, have been accumulated and presented.
C. The soil parameters for design and construction

evaluations have been developed in the report and

are further summarized in the Tables. The
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results are considered to be conservative and are
applicable for +he entire site. Soil boring logs
showing the pertinent soil parameters are also

presented in Apgendix B.
Depending on the engineering proklem under consideration,

localized and more extensive evaluations oOr investigations

may be required %o expand upcn the available information.
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TABLE 1

GAS ENCOUNTERED IN DRILL HOLES

Prill Hole
No

Depth to
Gas Infiltration (ft)

Soil Type

Remarks

12

20

30

50

52

59

131

118.0

136.0

50.0

98.0

70.5

124.5

104.0

Sand

Sand

Clay

Clay

Sand

Silt

Sand

Bubbles in drill fluid,
gas dissipated after
24 hours, no. odor

Bubbles in drill fluid,
gas dissipated after
24 hours, no odor

Bubbles in drill fluid,
gas dissipated after
48 hours, no odor

Bubbles in grout after
pulling casing, gas
dissipated after 24
hours, no odor

Bubbles in grout after
pulling casing, gas
dissipated after 24
hours, no odor

Bubbles in drill fluid,
gas dissipated after
24 hours, no odor

Drill fluid ejected
several feet above
drill hole, gas
dissipated after 6
hours, no odor
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TABLE 2
UNCONFINED COMPRESSION TEST RESULTS

UNDISTURBED SAMPLES
e ——— — e ——————— — -
_ 'NATURAL UNCONFINED COMPRESSION
BOEING DEPTH UNIFIED SOIL PARTICLE SIZE ANALYSIS EE E ATTERBERG CONDTTTONS rEST RESULTS ‘
sampLe| (FEET) | o = LIMITS REMARKS
CLASSIFICATION % FINER THAN 8 & Wo | YTa [ Ye | 8, E € E/S,
NUMBER , BT :
FROM | TO 4 10 | 20 | 40 | 100 [200 | 2 LL | PL | PI % | PCF {PCF | PSF 103 psr % —
49/9 73.9 | 74.3 CL 33 | 22 | 11 | 26 |100 |126 | 225 100 15.0 36 .Sandy
- 50/6 | 29.3 { 29.7 CH-CL - e = = = | == |97 | 53| 2.70 s1 |18 | 33 | 46 | 75 [110 197 45 2.4 228
50/8 38.9 | 39.2 CH 55 | 23 | 32 | 51 | 70 106 550 113 2.0 205
50/10 | 49.0 | 49.3 CL 99 | 96 | 94 | 92 | 86 | 81 | 37 | 2.70 36 | 16 | 20 | 24 | 99 [123 526 39 15.0 74 | Sandy
50/12 | 58.6 | 58.9 CL 39 | 18 | 21 | 26 | 99 [125 | 1007 200 9.0 199
50/16 78.6 | 78.9 CL 39 20 19 28 95 |122 | 1270 161 10.0 127
52/3 20.5 | 20.9 CL-CH 49 | 20 [ 29 | 30 | 92 |[120 | 2737 263 4.0 96
52/4 28.6 | 28.9 CL 35 | 18 | 17 | 32 | 94 124 489 61 9.0 125
52/6 49.2 | 49.5 CL-ML 22 | 18 4 | 25 {100 |125 317 100 2.5 ‘315
52/7 59.0 | 59.3 CL 97 | 94 { 87 | 83 | 72 | 58 | 16 | 2.70 23 | 14 9 | 13 |116 [131 | 1798 150 6.0 83 | sandy
52/8 68.2 | 68.5 CL 24 | 14 | 10 | 14 [115 [131 | 1676 133 13.0 79 | Sandy
52/10 | 88.6 | 88.9 CL 39 { 18 | 21 | 27 | 97 [123 | 2435 230 8.0 94 | Sandy
53/3 | 19.6 | 19.9 CL-CH - 49 | 20 | 29 | 32 | 88 [116 | 1155 172 5.0 149
53/4 29.6 | 29.9 CL-CH 490 | 22 | 27 | 40 | 8o [112 | 1006 200 5.0 199
53/6 49.2 | 49.5 CL 43 | 18 | 25 | 28 | 94 |[120 561 65 15.0 116
53/9 30.1 | s0.4 L 39 | 21 | 18 | 26 | 99 {125 | 1275 182 6.0 143
- 54/5 59.3 | 59.6 CL 38 | 17 | 21 | 26 | 99 |125 557 114 11.0 205 | sandy
54/7 68.5 | 68.8 cL 37 | 18 | 19 | 26 | 98 |123 | 788 58 8.9 74 | sandy
59/3 18.8 | 19.1 CL-CH 48 | 20 | 28 | 33 | 90 |120 | 1056 107 6.9 101 I
59/5 38.7 | 39.0 CL 38 | 18 | 20 | 26 | 99 |125 625 104 14.9 166 | Sandy
59/7 58.6 | 58.9 CL 36 | 18 | 18 | 26 |98 |123 835 200 8.0 240 | Sandy
60/3 17.6 | 18.0 CL ce | e | =} = | - | e8| 52| 2.7 39 | 21 | 18 | 24 |105 [130 | 1143 26 15.0 23
60/5 25.6 | 25.9 CH st | 22 | 29 | 37 | 8 [118 | 1001 143 4.0 143
60/6 30.5 | 30.8 CL-CH 48 | 25 | 23 | 35 | 88 |119 | 3153 222 3.7 141
_ Sheet 2 of 3
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TABLE 2

} UNCONFINED COMPRESSION TEST RESULTS
s 'UNDISTURBED SAMPLES
_\M) _
y " B PARTICLE STZE ANALYSIS o NATURAL UNCONFINED COMPRESSION
SAMPLE (FEET) o > LIMITS REMARKS
) CLASSIFICATION $ FINER THAN o3 Wy | va | ve 5. P . E/S,
_ -*“} NUMBER Ao _u
] s FROM { TO ) 4 | 10 ] 20 | 40 {100 |200 | 2u tL | pL {pr | & |PcF |PcF | PsF 103 psr 3 .
60/8 40.6 |41.0 CL - 47 |25 |22 |40 |83 116 337 50 3.0 148
p~> -~ leo/10 | 50.9 |51.2 el : ] 34 |16 |18 | 26 100 |126 | 1255 75 15.0. | . 60
3 K | 60/11 | 55.6 | 56.0 CL 95 | 80 |8 |8 |79 |76 |3 | 2.70 33 j18 |15 | 25 (103 [129 | 1299 133 15.0 102 |Sandy
| 60/14 | 75.1 | 75.4 CL : | ' 4 |20 |20 |27 |97 [123 | 651 71 5.0 | 109 I
60/19 |100.1 |100.4 CcL ' 38 |20 |18 | 27 |101 [128 | 1131 100 | 7.0 88  |Sandy I
60/23 |[119.6 |120.0 CL-ML - |9 |90 |8 |71 |61 |18 | 2.70 17 | 11 6. | 15 [115 132 335 55 6.0 164 |sandy
| 3 101/2 8.9 | 9.2 CL-CH ' 50 |22 |28 |28 | 96 {123 | 1828 200 2.4 109
! | 101/4 | 19.6 |20.2 CL-cE 49 |26 |25 |36 |8 |17 | 1014 75 6.0 74
, ?j> 101/7 | 34.9 |35.2 CL-CH . 46 |22 |22 |40 |81 113 | 795 55 2.4 76
B l 101/13 | 65.2 - { 65.6 CcL . | 36 19 17 27 97 123 1337 43 15.0 32
101/17 | 85.2 | 85.5 CL 37 |19 |18 | 25 | 97 |12t | 1923 102 15.0 53 |Sandy
} 119/9 | 81.6 |81.9 ScL 33 |20 |13 | 21 |107 |129 | 3072 111 15.0 36  |Sandy
126/3 8.2 | 8.6 CL-CH - - {47 |26 |23 |26 |99 [125 | 1725 208 2.4 121
136/4 8.8 | 9.2 CL-CH | 48 | 22 | 26 | 25 |102 |126 | 5446 769 3.0 141
) 144/4-1 | 8.5 | 8.8 CL-CH - | 48 |21 |27 | 26 | 97 |122 861 192 1.7 223
) 144/4-2 | 8.9 | 9.2 CL-CH | “ | o 1 48 |21 |27 |24 |99 {123 | 1002 | 119 3.0 119
j 185/3 7.5 | 7.8 CL-CH - s0 | 23 | 27 | 26 |10 |129 | 2947 400 4.0 136
’ 1 185/7 | 18.5 |18.8 CL-CH 49 | 22 | 27 | 39 |81 |113 831 9% 2.4 113
% -
D
3
]
% Sheet 3 of 3
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TABLE 3

UNCONFINED COMPRESSION TEST RESULTS

REMOLDED AND COMPACTED SAMPLES

L
i PRE TEST UNCONF INED COMPRESSION
PARTICLE SIZE ANALYSIS . ! =
BORING |  DEPTH UNIFIED SOIL ‘ g ATTERBERG CONDITIONS ' ST
& __ H STRENGTH TE
5 LE (FEET) B ; LIMITS
CLASSIFICATION % FINER THAN g5 " | Ya | e [ S,
NUMBER ' R
FROM | TO 4 10 | 20 | 40 |100 | 200 2y LL | pL | P | % |>®CF [pcF | psF
38/3 8.7 9.0 CL-CH - - -] - - 97 | 61 | 2.71 49 | 26 | 25 | 24 |103 |128 761 Remolded
|38/18 84.6 | 84.9 CL - - - | - - 99 | 61 | 2.70 33 [ 19 |- 16 [ 22 |105 |128 | 547 .27 17.4 | Remolded
41/2 4.5 4.8 CH - - - | - - 98 | 63 | 2.70 63 | 28 | 35 | 29 | 95 |123 962 80 9.0 Remolded
60/3 17.6 | 18.0 CL - - - | - - 98 | 52 | z.70 | 39 | 21 | 18 | 24 |103 [128 |1,052 - 13 15.0 | Remolded
60/11 55.6 | 56.0 CL 95 89 86| 84 | 79 | 76 | 34 | 2.70 | 33 | 18 | 15 | 25 |103 |129 817 13 15.0 | Remolded
) Compacted
127/3 5.6 | 7.0 cL-cH 49 | 22 | 27 | 14 |13 [129 |9,403 869 3.2 | (97% aSTM DLS57)
I 136/6 13.0 | 14.6 cL 43 | 22 | 21 | 18 |100 [118 |2,773 400 2.0 fg’;‘%’gg;;’{ D1557)
C ted
[141/2 8.0 | 10.0 CL-CH 49 | 23 | 26 | 18 |103 |122 |5,558 592 2.0 | (90% asTM DLSST)
I 1466/4 8.0 | 10.0 CL-CH - - - 26 | 100 |12 | 1,482 58 15.0 | Remolded
. [o ted .
146/7 | 14.0 | 16.1 cL a6 | 22 | 26 | 17 |10s [122 |3,282 484 2.0 (857 ASTM D1557)
' Compacted
158/2 7.5 9.7 CL-CH so [ 21 | 29 | 17 | 104 |122 |3,416 481 2.0 (87% 4STM D1557)
INOTE Remolded samples run at same dry density and water content as undisturbed samples.
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- TABLE 4

LABORATORY VANE SHEAR TEST RESULTS

UNDRAINED STRENGTH

UNDRAINED STRENGTH

SENSITIVITY

BORING ‘DEPTH ATTERBERG PRETEST CONDITIONS _
& , UNIFIED SOIL _ UNDISTURBED VREMOLDED UNDISTURBED
FEET) . - LIMITS STRENGTH REMARKS
SAMPLE : . ANGLE COF ANGLE OF :
CLASSIFICATION Wo Ya Ye | COMESION | pomampoy | COHESION | poraTron | DIVIDED BY
NUMBER : REMOLDED
FROM TO LL PL PI % PCF PCF PSF DEGREES PSF DEGREES STRENGTH
50/6 28.1 28.3 CL 39 18 | 21 35 82 1 5 479 8 . 178 7 2.7

50/10

48.1 48.4

CL

36

16 | 20

26

96

121 520

32

480

52

52/4

28.9 29.

[ 3%

CL

35

18 | 17

31

89

117 560

10

266

52/6

49.6 49.

Qo

24

101

125 2,165

30

52/10

89.1 89.

CL

39

18 | 21

26

96

121 1,660

15

1,525

51

53/6

Q| P

49.7 50.

CL

43

18 | 25

27

9%

119 520

13

312

40

1.2

53.9

79.5 79.8

39

21 | 18

28

95

122 1,375

22

54/5

59.7 60.0 CL 38 17 | 21 28 92 118 1,200 54 - - -
59/3 18.5 18.8 CL-CH 48 20 | 28 33 90 120 1,250 15 - - -
59/5 39.4 39.7 CL 38 18 | 20 26 96 121 640 15 - - -
59/7 59.0 59.3 CL 36 | 18 | 18 24 102 127 735 22 - - -

-----------
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TABLE 5

UNCONSOLIDATED-UNDRAINED TRIAXIAL TEST RESULTS
' UNDISTURBED SAMPLES

BoﬁING DEPTH ATTERBERG NATURAL CONDITIONS UNCONSOLIDATED UNDRAINED
& (FEET{ UN?FIED SOIL STRENG?H TEST
SAMPLE ' |CLASSIFICATION LIMITS W, Ya | REEARKS
NUMBER
FROM TO LL | PL | PI % PCP

15/2 3.7 4.1 CL 45 | 21 | 24 | 25 101

18/3 20.6 20.9 © CL a4 | 21 | 23 |40 83

18/6 51.4 51.7 CL 39 | 18 | 21 |31 92

18/10 88.8 90.1 CL 29 | 15 | 14 |17 111

25/10 88.9 89.2 CL 36 | 19 | 17 | 23 104

27/2 4.5 4.8 CL-CH 48 | 24 | 24 | 24 103

41/17 72.9 73.2 CL 25 | 15 | 10 | 20 1105

48/14 60.8 61.1 CL 3% | 16 | 18 | 26 99

50/8 38.1 38.4 cH , 55 | 23 | 32 |46 74

50/10 49.3 49.6 CL 36 | 16 | 20 | 23 100

50/12 59.1 59.4 CL 39 1 .18 | 21 | 24 101

52/3 21.2 21.5 CL-CH 49 | 20 | 29 |31 92

52/8 69.0 69.4 CL 2 | 14 | 10 |16 111

52/9 78.6 78.9 CL 35 | 18 | 17 |22 105

52/12 109.3 | 109.6 CL 46. | 22 | 24 |36 87

53/3 20.1 20.4 CL-CH 49 | 20 | 29 |32 91

53/4 30.1 30.4 CL-CH 49 | 22 | 27 |34 88

54/4 53.2 53.5 ML-CL 21 | 17 4 |24 99

54/5 59.0 59.3 CL 1 38 | 17 | 21 |25 99

54/6 63.1 63.4 CL 36 | 18 | 18 |26 98

54/7 68.8 69.1 CL 37 | 18 | 19 |26 98
101715 | 74.6 74.9 cL 36 | 21 | 15 |23 105
101/19 | 94.9 95.3 cL 36 | 20 | 16 |25 100

101/23 |{119.8 |[120.2 CL 44 | 22 | 22 |37 85

_ Sheet 1 of 2
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TABLE 5 . :
UNCONSOLIDATED-UNDRAINED TRIAXIAL TEST RESULTS |
UNDISTURBED SAMPLES o

IR

: UNCONSOLIDATED UNDRAINED
DEPTH

BORING NATURAL CONDITIONS
. (FEET) UNIFIED SOIL ATTERBERG STRENGTH TEST
E
SAMPLE LIMITS ' REMARKS
CLASSIFICATION vl Ya e 3, g E € E/S
NUMBER . u u
70 L | PL | PI | % PCP PCF PSF psF | 103 psF 3

126/11 49.1 49 .4 CH s9 | 25 | 3& | 41 81 114 4032 498 50 4.0 100
126/23 108.6 | 108.9 CL 3 | 20 | 16 | 25 96 120 7200 1344 60 15.0 45
129/3 8.7 9.0 CL-CH 48 | 23 | 25 | 22 108 132 1080 3381 250 6.0 74
129/15 74.0 4.3 CL 36 | 21 | 15 | 25 101 | 126 5760 954 62 7.0 " 65
129/24 i26.1 | 124.4 CL~CH s | 22 | 26 | 31 95 124 7920 679 30 8.0 4t
1514/3 13.0 13.3 CL-CH 48 | 20 | 28 | 28 95 122 1555 2325 167 10.0 72

Sheet 2 of 2 '



TABLE 6

3 . CONSOLIDATED-UNDRAINED TEST RESULTS
. UNDISTURBED SAMPLES
e ——————————————————
3‘"') BORING A CTERBERG NATURAL  |CONSOLIDATION| COigiEEONS CONSOLIDATED'UNDRAINED @ gy SﬁgfgxsgﬁgggTH
. DEPTH UNIFIED SOIL o CONDITIONS CONDITIONS |roNSOLIDATION STRENGTH TEST § EEE- 5?%%?% EEPECTIVE
5 xsqzzzz T Jemnssercarron o Mo | Ta ] Mt i We | Yef E (oy-03)" | E/5, E“I%E ¢ | ¢ 5 ]
3y TO LL | PL| PI | & |PCF |PCF PSF % PCF | 10° pSF | PSF — |© ‘deg.| PSP |deg.|psF
| 35 | 87 | 117 3,764 33.7 116 316 3,900 161 0.28
N 110 CL 46 | 22 [ 24 | 31 | 92 | 120 7,488 29.3 | 119’ 400 " 5,200 | 154 0.68 | 10° 900"
3f A 31 | 92 | 120| 15,120 27.7. | 117 1,500 8,170 | 367 1.04
l 23 | 106 | 127 360 27 132 225 2,200 204 0.15
5.5 CL-CH 53 | 26 | 29 | 24 | 103 | 128 691 27 131 346 3,450 | 200 0.19 | 34 350 27 {320
22 | 108 | 132 1,296 25 135 450 4,800 187 0.20
) 35 | 89 | 120 1,080 31 116 125 1,350 185 0.23
20 CL-CH | - | -1 35| 8 | 16| 2,160 31 113 273 1,680 | 325 0.72 | 16 | 250 27 | 50
o 36 | 8 | 117 5,040 28 110 500 4,350 230 0.56 |
J 36 | ss | 120 2,304 3 118 250 1,790 | 279 0.57
50 CL 41 | 21 | 20 | 37 | 86 | 118 4,608 23 106 666 2,440 | 546 1.11 9 400 26| 0
30 | 93 | 121] 9,216 24 115 666 4,410 | 302 1.34
) 39 | 82 | 114 1,440 37 112 300 1,480 | 405 0.39
30.5 cL 46 | 22 | 24 | 40 | 82 | 115 2,880 37 112 750 1,930 776 0:77 | 10 300 24 0
38 | 84 | 116 5,760 32 111 500 3,040 328 1.17
3 37 | 83 | 114 7,200 36 113 175 1,600 110 0.51
40.5 cL 43 | 23 | 20 | 37 | 85 | 116 7,200 1A 114 300 2,160 277 0 0.93 9 | &oo .| 22 |i50 .} .
36 | 86 | 117 12,960 31 113 300 3,320 180 1.31
3 33 | 90 | 120 1,152 32 119 166 1,860 | 179 0.05
i:;; 20.0 CL-CH 47 [ 25 | 22 | 34 | 89 | 119 2,304 33 118 375 2,610 287 0.24 9 700 21 |300
| 36 | 88 | 120! 4,608 31 115 500 3,160 | 316 0.78
. 27 | 99 | 126 3,312 25 124 375 4,030 186 0.19
'\Ti;;) 100 cL 36 | 19 [ 17 | 26 | 96 | 121 6,624 24 119 666 5,760 | 231 0.49 | 11 1050 25 0
28 | 97 | 124| 13,248 23 119 1,200 8,820 | 272 0.83
' 4 Sheet 1 of 4
o —



" TABLE 6

CONSOLIDATED-UNDRAINED TEST RESULTS
UNDISTURBED SAMPLES

BORING _ APTERBERG NATURAL CONSOLIDATION C0§g§§;0NS CONSOLIDATED UNbRAINED o o 'SﬁgigmigigggTH
. DEPTH UNIFIED SOIL . CONDITIONS CONDITIONS |~oNSOLIDATION STRENGTH TEST § BE— S?I‘C:Q'I;élé EFSFTER%I.;',IQVE‘
izﬁzz (FEET) | cLassTFICATION LIMITS Wl Ya | Ye 75 Wy | Yer E (s,-0,0% | E/5 %‘tlgg T o~ o [ o
FROM TO o LL PL | PI [ % |PCF | PCF PSF 3 pcF | 103 PSF PSF — 1® deg.| PSF |deg.|PSF
_ ' 46 | 78 | 112 1,872 42 111 158 1,840
43 45 CL-CH 53 22 31 46 75 110 3,744 45 109 333 2,710
| 45 77 112 7,488 39 107 583 3,860
24 | 100 124 3,816 23 123 400 3,570
113.0 | 115. CL 33 | 22 | 11| 29 | 95 | 123 7,632 27 121 666 4,850
29 | 93 | 120} 15,264 24 115 857 8,260 207 1.16
33 | 88 | 117 1,440 32 116 250 1,680 296 0.32
28.0 | 30. CL 39 | 18 | 21| 33| 90 | 120 2,880 27 114 300 2,100 285 0.74 | 11 450 26 |100
36 | 86 | 115 5,760 29 111 500 3,440 291 1.06
28 | 97 | 124 3,456 26 | 122 214 3,850 111 " 0.27
88.0 | 90. CL 39 | 23 | 16 | 28 | 97 | 124 6,912 26 . | 122 461 5,180 178 0.69 | 10 900 25 |200
| 28 | 96 | 123| 13,824 23 118 461 7,980 115 1.01
23 102 125 4,320 21 123 500 4,040 247 0.42 |
53.0 | 55 cL s | s | 13 L2 102 | 125 8,640 20 122 461 7,730 119 0.50 | 450 2 o
' ' 93 | 101 | 1247 2,160 22 123 285 2,860 | 199 1 0.11
24 | 100 | 124 6,480 20 120 666 5,610 237 0.55
21 | 101 | 122 2,160 22 123 533 30,320 35 0.29 |
48.0 | 50. ML | =] == | 23] 99 | 122 4,320 22 121 1,000 35,020 57 0.24 | 42 4,000 | 36 | o
22 | 106 | 127| 8,660 22 | 127 | 1,000 55,550 | 36 0.18
26 | 98 | 123 2,448 26 123 166 2,730 122 0.30
63.0 | 65. CL 36 | 18 1 18| 25| 98 | 123 4,896 23 120 562 4,010 280 0.61 | 11 700 25 |150 r
26 | 98 | 123 9,792 22 119 900 5,860 307 1.00
| ‘ 30 | 94 | 118 590 32 124 157 1,060 298 0.01
8.0 10. CH 53 | 26 | 27 | 29 | 95 | 123 1,152 31 124 273 1,750 301 0.09 | 18 260 2 |170
R A 20 | 96 | 124 2,304 30 125 375 2,670 | 280 0.16 Sheet 2 of 4
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TABLE

6

CONSOLIDATED-UNDRAINED TEST RESULTS
UNDISTURBED SAMPLES

BORTNG , | CTERBERG NATURAL | CONSOLIDATION COig;g;ONS CONSOLIDATED UNDRAINED o Sﬁgggua;ggggTH '
. DEPTH UNIFIED SOIL | CONDITIONS CONDITIONS |oNSOLIDATION STRENGTH TEST § E.E S'I"I'cl);.rEASIé EITSFTER%%ISVE
' :::ER (FEET) CL.ASSIFIC?&TION _ LIMITS wol Ya | ¢ 33 We Yig E (01_03)1 E/Su Emlgg " | G o [
:ﬂ3 ) -_ | FROM | TO LL| PL| PI| % |PCF |EBCF PSF % PCF 103 PSF PSF — |° Qeg.| PSF |deg.| PSF
4 Remolded| | 29 | 96 | 124 560 29 124 100 1,750 | 114 -0.18 R
; 60/2 8.0 | 10.0 CH s3 | 26 |27 | 29 | 99 | 128 1,152 26 125 187 2,490 | 150 0.10 | 19 1 450 |27 ‘125
?;3" 29 | 98 | 126 2,304 26 123 214 3,500 | 122 -0.04
: 30 | 94 | 122 1,296 31 123 102 2,780 73 -0.09 |
60/4 s1.0 | 23.0 L 43 | 17 |26 | 31 | 9 | 123 5,184 30 122 900 5,130 | 350 0.37 | 13 800 26 [250
31 | 95 | 124 2,016 30 123 281 3,180 | 177 0.07 |
27 | 99 | 126 2,016 26 125 500 2,530 394 0.24
60/9 45.0 | 47.0 CL 38 | 16 | 22 | 27 | 98 | 124 4,032 26 123 321 2,990 214 0.72 | 10 600 25 {100
| {26 |102 | 129 | 8,064 23 125 750 5,020 298 0.97
' “24 | 103 | 128 2,520 22 126 180 3,890 93 0.12
| 32 | 91 | 120 5,040 28 116 462 3,445 268 0.70
60/13 | 67.0 | 69.0 CL-ML s | 19 | 21 | 20 [106 | 125 10,080 18 123 923 8,120 | 227 0.56 | 13 1,000 | 25 0
- 16 | 114 | 132 5,760 15 131 923 9,225 200 0.13
21 106 | 126 8,640 19 124 545 6,357 171 0.72
26 | 99 | 125 1,152 28 127 113 2,453 | 92 -0.05
105/2 9.0 | 11.0 cL 146 | 26 | 22 | 27 | 96 | 122 2,304 28 123 389 4,381 | 177 ~0.05 | 27 150 25
28 | 98 | 125 864 29 126 '250. 2,377 210 -0.02
36 | 8 | 114 1,800 35 113 196 2,136 | 183 0.29
105/5 | 40.0 | 42.5 oL a | 20 | 23 | 36 | 85 | 16| 3.600 34 114 450 2,753 327 0.56 8 700 23
| | 35 | 85 | 115 7,200 31 111 900 3, 660 491 1.13
39 | 84 | 117 7,200 33 112 643 3,803 169 1.12
| 28 | 95 | 122 576 29 122 245 1,773 .| 138 0.00
119/2 8.0 | 10.0 qLQCH 53 | 26 | 27 | 28 | 99 | 127 2,304 28 127 450 4,024 | 223 0.09 | 22 375 26
|29 | es | 12| 1,440 30 122 245 2,481 99 0.17
Sheet 3 of &4
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'TABLE 6
CONSOLIDATED~UNDRAINED TEST RESULTS
UNDISTURBED SAMPLES

~ NATURAL CONSOLIDATION| CONDITIONS CONSOLIDATED UNDRAINED - SHEAR STRENGTH
BORING ; ATTERBERG AFTER ] - g PARAMETERS
& DEPTH UNIFIED SOIL CONDITIONS CONDITIONS |~oNSOLIDATION STRENGTH TEST Z EE TOTAL EFPECTIVE
‘ E STRESS STRESS
sampre|  (FEET) LIMITS - — 1 ““‘Igz |
CLASSIFICATION Wl Ya | Yt 74 We Yeg | E (0,03 E/s, [& "®E[ C $' | ¢
NUMBER , , g <=
FROM | TO LL| PL | PI| & |PCF |pPCF PSF % pcF ! 103 pgF PSF — | @ deg.|{ PSF |[degq.| PSF
37 - 86 118 1,512 35 116 333 ‘ 1,970 333 0.24
119/4 | 30.0 | 32.0 | cL 0 lar J22 |19 |39 |85 |118 3,024 | 36 | 116 ' 500 2,460 . ‘406 - 0.57
35 | 87 |117 6,048 30 113 375 13,310 226 1.20
34 90 121 1,152 33 120 136 2,2001 123 -(.03
129/5 18.0 21.0 CL;CH 48 21 27 1 32 20 119 4,608 . ' - - 346 4,170 165 0.42
33 |90 | 120 2,304 32 119 750 2,550 588 0.26
_ 24 | 99 123 3,240 22 121 187 3,035 123 0.45
129/19 | 93.0 95.5 CL 41 21 20 26 99 125 6,480 23 122 © 500 6,090 164 0.44
27 99 126 12,960 22 121 750 8,900 168 0.81
‘ 36 86 117 1,152 36 117 180 2,079‘ 173 0.15
141/4 1870 20.0 . CL - 45 21 24 | 36 87 118 2,304 35 117 818 2,780 587 0.29
7 *35 85 115 4,608 31 ' 111 529 3,249 . 326 0.73
37 ‘ 84 | /115 4,637 34 113 | 529 3,251 325 0.79
38 83 114 1,080 37 114 600 1,569 765 ‘0.17
158/4 | 17.5 | 20.0 |  cCL 46 |19 125 |34 |87 |117 2,160 32 115 214 1,942 - | 220 0.51
3 37 | 83 | 114 | 4,320 33 110 428 2,593 | 330 0.95
J 101,105 _ E | . 15 {113 | 130 { 1,008 21 | 137 150 4,261 70 -0.38
; o 127,128
: 180.183| 2-0 | 10.0 CL-CH -~ |- {-- |16 {114 | 132 | 2,016 19 136 210 7,531, 56 -0.43
Combined - {16 [11a 132 | 3,168 18 134 276 10,123 54 ~0.39
Samples .
NOTES: :
Lae peak stress or at 15% straln, whichever is smaller.
* Two tests run on same sample. Second test run after rebounding first sample to original consolidation pressure.
'ﬁ Sheet 4 of 4




TABLE 7

CONSOLIDATION TEST RESULTS
UNDISTURBED SAMPLES

T ——— S B S e e S S —
BORING| - DEPTH PARTICLE SIZE 3 ATTERBERG | NATURAL CONDITIONS | SETTLEMENT
& (FEET) UNIFIED SOIL - ANALYSIS 'E.' E LIMITS _ P, cc 'cr PARAMETERS
. SAMPLE CLASSIFICATION % FINER THAN 'E:j" E wolyg| > e C
;T NUMBER ' & & ° t o - : =
) TO ) 40 ﬂ_‘zoo 2u LL | PL .EI._% pcr | pcF | — | 10° PSF | — | —— o
27/10| 34.0 | 34.5 _ CL 2.73 |41 (22 |19 |39 | 84| 117 | 1.02 3.4 0.44 | 0.10| 0.22
A . 27/24 | 104.2 |104.5 cL ' | | 2.74 {43 |25 {18 |34 | 90| 121 | 0:91 8.0 - 0.31 | o.10] -0.16. Silty Clay, Sandy. .
; 5 38/4% | 14.6 | 14.7 CL-CH - - 98 | 60 | 2.71 |46 |22 |24 |29 | 96| 124 | 0.77 10.0 | o0.19| o0.06| 0.11 |o0.03
? 38/16 | 74.0 | 74.1 CH - - 98 | 60 | 2.72 |55 |24 |31 |36 | 87| 118 | 0.94 9.4 0.38 | 0.06| 0.20 |0.03
41/5%| 10.8 | 11.0 CL-CH - - 98 | 57 2.72 |46 2'3. 23 | 30 94 | 122 { 0.80 11.9 0.23 | 0.08| 0.13 0.04
- 4177 | 21.0 | 21.1 CL-CH 2.70 [47 |24 |23 |38 | 82| 113 | 1.06 | 2.5 0.3 | 0.09| 0.17 |o0.04
3 41/13| 53.0 | 53.2 CL-CH 2.75 |52 |25 |27 a7 | 77| 113} 1.24 3.5 0.35| o0.10| 0.16 | o0.04
41/17] 73.3 | 73.5 cL 85 | 74 | 65 | 24 | 2.68 25 [15 (10 |27 | 98| 124 | 0.70 5.3 | 0.21] 0.05| 0.12 |0.03 | silty Clay, Sandy
; e 41/25% | 113.0 [113.2 L ' 2.71 |29 |19 |10 | 24 | 103 | 128 | 0.64 9.4 0.18 | 0.05| 0.11 | 0.03 silty Clay, Sandy
& . 41/29% | 130.9 |131.1 Ge-SC | 2.69 %25 |17 ] 8 [ 11| 123 | 137 | 0.37 10.0 0.10| o0.04] 0.07 |o0.03 Clayey Sand, Gravelly
48/10 | 39.2 | 39.4 CL-CH | 2.73 |47 |24 |23 [ 39| 84| 117 | 1.03 4.0 0.33| '0.09| 0.16 |o0.04
49/3 13.7 | 14.0 _CL-CH | 2.72 {47 |23 |24 {33 | 91| 121 | 0.86 6.4 0.26 | 0.07| o0.14 [ o0.04
] 49/11% | 93.8 | 94.0 CL 2.68 [37 |22 |15 |29 | 98| 126 | 0.70 5.6 0.20| 0.05| 0.12 | 0.03
50/8 | 38.5 | 38.9 cH 2.75 |55 | 23 |32 | 52| 72| 109 | 1.38 4.0 0.55| o0.12| 0.23 | 0.05
52/4 29.9 | 30.2 CL-CH 2.70 {49 | 20 |29 |41 | 84| 118 | 1.01 | 4.4 0.45| 0.09| 0.22 | 0.04
] 53/5 39.5 | 39.8 . CL g5 | 76 | 66 | 30 | 2.72 (39 |20 |19 | 31| o1 119 | 0.87 6.5 0.30| 0.09| 0.16 |0.05 Silty Clay, Sandy
V s4/6x | 63.5| 63.8 | c. | 8o | 83| 77| 33| 2.7 |36 |18 |18 [26| 99| 125| 0.70 | 6.2 | 0.24| 0.07| 0.14 [0.04 | silty Clay, Sandy
54/8 73.7 | 74.0 . cL 96 | 94 | 92 | 46 | 2.73 |45 |21 |24 [ 39| 86| 120 | 0.98 5.6 0.41 | 0.08| 0.21 |0.04
3 60/2% 9.8 | 10.0 CL-CH - - - 60 | 2.71 |53 | 26 (27 30| 94 122]| 0.79 9.2 0.23| 0.07| 0.13 | 0.04
§ \) 60/16%| 85.2 | 85.4 CL | s3] so| 78] 34 | 2.73 a0 [ 19|21 [ 28| 98| 125| 0.74 9.0 0.27| 0.07| 0.16 |o.04
é 105/1%*| S5.1| 5.4 . cH 2.72 |53 | 24|29 [ 24| 103 | 128 | 0.64 4.0 0.10| . 0.05| 0.06 |o0.03
1_0'5/8 70.9 { 71.2 CL 2.70 [37 |19 |18 | 24 | 103 | 128 | 0.63 7.2 0.21| o0.06| 0.13 | 0.04 Sheet 1 of 2
/J 118/5 | 38.6 | 38.9 cL | 2.70 |41 | 22 |19 | 37| 86| 118 | 0.97 4.6 0.39 | o.10| 0.20 |o0.05 * INDICATES SAMPLES
4 118/9%| 78.7 | 79.0 CL s | 2.70 |42 |23 |19 | 28| 97 124 0.74 8.6 0.24| o0.06| 0.14 |o0.03 BELIEVED TG BE
§ - "|RELATIVELY DISTURBED.




ChumdipBEeian L T Tedeatiielln

-

o “TABLE 7
" CONSOLIDATION TEST RESULTS
" UNDISTURBED SAMPLES

, SETTLEMENT
BORING DEPTH , PARTICLE SIZE o ATTERBERG | NATURAL CONDITIONS . | _
5 UNIFIED SCiL ANALYSIS 2 P o c: PARAMETERS
(FEET) - & oa LIMITS c c - T RKS
SAMPLE : - H S REMARKS
CLASSIFICATION % FINER THAN oS Wl Yal Y | © 1 C C |
NUMBER : . & 5 o o I (o] r
: _ \ : - + +e
| 40 | 100 | 200 | 2u ~ lulenlerl s |per | por | — | 103 psr | —1— S|*+%
129/9 CL ‘ 2.73 | 41 |22 |19 |40 82 | 115 | 1.08 2.9 0.39 | 0.09 | 0.19 0.04
129/21 [103.7 [104.0 CL 2.71 | 39 {21 | 18 |28 99 | 127 | 0.70 6.4 0.23 0.06 | 0.14 0.04 silty c1ay,'sanay°'
142/6 20.1 | 20.5 CL - 2.70 | 45 |22 | 23 |38 83 | 115 | 1.02 4.6 0.43 | 0.05 | 0.21 0.02
185/3% | 7.9 8.1 CL-CH 2.72 | 50 |23 | 27 |29 96 | 124 | 0.76 8.0 0.18 { 0.04 | 0.10 [o0.02
Sheet 2 of 2
* INDICATES SAMPLES
BELIEVED TO BE
| ] RELATIVELY DISTURBED.



RO LR R T N AN

N A

BORING
&

‘NUMBER

SAMPLE

DEPTH

(FEET)

FROM TO

UNIFIED SOIL

CLASSIFICATION

SPECIFIC
GRAVITY

TABLE 8

CONSOLIDATION TEST RESULTS

REMOLDED SAMPLES

SETTLEMENT

ATTERBERG | PRETEST CONDITIONS ,
' P, Co C. PARAMETERS
LIMITS
w Y Y e
o 4d t
2 ) 3 CC' Cr
LL PL PI| % | PCF | PCF| — 10° PSF | — — |1t e |l t e

136/6

13.0 14.6

CL

2.74

43 22 21

17

102

119

0.68 2.5

0.05

14.0

16.1 -

CL

2.75

46 22 24.

16

102 .

118

. 0.68

- 3.3

| 0.06




TABLE 9

PERMEABILITY TEST RESULTS
UNDISTURBED SAMPLES

BORING , PARTICLE SIZE ANALYSIS PRETEST CONDITIONS |CONSOLIDATION| v
UNIFIED SOIL ooy ATTERBERG - | OID RATIO, e, | .
& : ﬁ ; LIMITS : PRESSURE AFTER PERMEABILITY 4
SAMPLE CLASSIFICATION 3 FINER THAN 25 W v ove | e . . -1
. ) [T} .
NUMBER w © — — CONSOLIDATION -
3 S S S . R - . - - - o e
% S N B BT A 2.70 | 39 | 18 | 20 | 37 | 84 | 115(1.00 1.50 0.875 3.0
é g’) 98 | 92 | 86 | 82 | 37 2.70 | 36 | 16 200 | 27 | 97" [ 123 |0.73 2.00 - 0.645 - - |- -2.6
3 98 | 83 [ 72 | 57 | 12 2.70 | 23 | 14 | 9 15 | 119 | 137 |0.41 2.30 0.374 2.2
96 | 85 | 77 | 67 | 30 2.72 | 39 | 20 | 19 | 30 | 104 135|0.73 1.74 e 0.685 3 i
%]
| 98 | 89 | 83 | 77 | 34 | 2.71 | 36 | 18 | 18 | 27 | 98 | 124 0.72 2.40 | 0.641 3.0 i
B : .
3 - 96 | 93 | 91 [ 45 2.73 | 45 | 21 26 | 32 | 90 119 | 0.85 2.71 0.729 2.3 g
) -~ | == | -- ] 98 | 52 2.70 | 39 | 21 | 18 | 26 | 103 130|0.70 |- 1.05 0.686 1.6 ;
3 os | 8s | 79 | 76 | 34 | 270 [ 33 | 18 | 15 | 27 | 98 | 124f0.13 | 2.2 "~ 0.575 T 1Ls g
4 r
3

96 82 80 78 33 2.73 40 19 | 21 29 96 124 1 0.75 3.00 0.605 2.6

nnnnnnnnnnnnn




TABLE 10

RECOMMENDED DESIGN PROPERTIES FOR SITE SOILS

Upper Stratuml Middle Stratum!
Static Properties 0 - 20 Ft 20 - 50 Ft
In Situ Total Density (PCF) 125 115
In Situ Moisture Content (%) 25 35
Degree of Saturation (%) 100 100
Specific Gravity 2,72 2.72
Poisson's Ratio?
Drained 0.4 0.4
Undrained 0.5 0.5
Initial Modulus of Elasticity (KSF) 700 330
Maximum Dry Density per ASTM 1557 118-1123 -
Optimum Moisture Content . 13-163 -
Permeability (cm/sec x 10'3) 2 2
Unconfined Compression Shear Strength
Cohesion (PSF) 550 550
Consolidated Undrained Shear Strength
Effective Stress Basis
4' (Deg.} 28 28
¢' (PST) 0 0
Tctal Stress Basis
¢ (Deg.) 13 13
c (PSF) 460 460
Settlement Parameter Cgo/l+eg 0.13 0.20
Coefficient of Comsolidation (Cy) th/day 0.15 0.15

Lower Stratum!
50 + Ft

125
25
lco

2.71

850

25

10
710

0.14

0.15

!The depths of the different strata are approximate (see text).

ZTypical values,

3Refer to Figure 40 for additional information.
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B 60 (CL) 56.1 LOWER STRATUM
B 60 (CL) 85.6 : 108 NO, DRAWING NO, REV.
C. 60 (CL) 119.5 | _
R . - 10539 FIGURE 22 | O
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GRAIN SIZE DSO (MM)

0.001 0.002 0,005 0,01 0.02 0.05 0.1 0.2 0.5 1.0 2.0 5.0. 10.0

20

440 L )

60

DEPTH (FEET)
°
®

100 —

A S | 1@ _ | ) . _ | .

BEGHTEL

Gy R
: '@I'p | 140
4 - ' BELLE RIVER PLANT

SAND

' ' — . UNIT | & 2

CLAY (PLASTIC) TO SILT (NON-PLASTIC) — GRAVEL
) o | _ FINE MED IUM COARSE , GRAIN SIZE tD.,) vs DEPTH

‘IIU_N_IF.IED-SDIL' CLASSIFICATION SYSTEM _ . . JOB NO, DRAWING NO. REV.
- B B 10539 | FIGURE 23 |O




PLASTICITY INDEX
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g, s © SOILS FROM 0-20 FEET
. ‘ * : pﬁ‘x o . "’,-”" | - :
o B 3y . . A SOILS FROM 20-50 FEET
o . . -1 _ // O \jf‘\{ 5-2;, o .
[ I o IR ~EC i | O SOILS BELOW 50 FEET
E : e /‘ — ] -
- R - bg” o__ ACTIVITY = PI/%<2u
4 ~
. //--
0 /
| 10 20 030 40 50 60 70

© CLAY.SIZE FRACTION (3<2y)

BECHTEL

ANN ARBOR

BELLE RIVER PLANT
UNITS 1 & 2

ACTIVITY OF CLAY SOILS

. JOR Ne. ORAWHIN Ne.
@ 10539 | FIGURE 24




DRY UMIT WEIGHT (PCF) ' NATURAL MOISTURE CONTENT, PERCENT " SHEAR STRENGTH (KSF)
T 80 90 100 110 120 130 140 150 ] 10 15 20 25 30 35 40 45 30 0 1 2 .3 49
1+ T ] . LIB
* - o , i J
° : G © . . = ® _ } _ j O ,lo ° et
o : o ® 33[ p .9 __& w e “ o o @58
' ' o e | ! ° o)
b ® E L
gt e L ®
; -y e
ri”’-_' ® A IS ) 20
c® o .
3
i . . : A @ . H"__ Se 44 30 EXPLANATION
: ‘ : ; _ o | e : : ®  UNCONFINED.COMPRESSION TESTS - -
. ° o o2 O UNCONSOLIDATED UNDRAINED TESTS
';:; ') _ ] OJr ° : 40 & LABORATORY VANE SHEAR TESTS
::.- . . I. . o .
: . Y \
by (9] ® ) =1 50
a = o e =
; ]
: o e w .
L 6o A ® ® _—!_WA-—“!‘ oo = NOTES: |
E < _ o e £ 1.) ALL VALUES REPRESENT PEAK STRENGTHS,
. . @ o ,
g _" L ® elo e lo * o W 2.) DRY UNIT WEIGHT AND NATURAL MOISTURE
7 ° f — - 0 CONTENT CORRESPOND T0 SHEAR
e . s © g e | - o . JP e: ] e STRENGTH TEST RESULTS.
- _ g. o INTERPRETATION | Te O8> o
i b DEPTH _MOISTURE. : « g
4w ) | o * (FEED  CONTENT (%) ® | e |
Do » o | o o A 0-10 1) A o e
v L - 90 o S - o
-? ; ) _ : ﬁ 10- 20- 32 N - 3¢
: ¢ | 1 ]2 % o |
100 s INTERPREJATION | bt 4 2- 0 x5 e 11, (NTERPRETATION {00
: - DEPH - DRYUNIT . BELOW 90 a . e | DEPTH  SHEAR
B (FEED - WEIGHT. . R : ) . (FEED STRENGTH.
5 - : o o _ 020 © 99 peF el o R ° o 0-10 L. 80 KSF
D 1o ° 20-30 B - - ° o s 10- 20 L0 " e
£l ® 30- 40 g . : i e . ’ . ® 20- 50 0.55 "
g 40- 50 " l A : M- 0 0.8 "
] ‘ . | " 1 - ' 1 80-90 Loo "
4 120 = ©——{ BELOW 50 1o E + & - 1 BELOW 90 ags e [eo
‘ o] O Q ' : s
130 = : S % : i
> ‘ : 5
‘* QD 140 i - ) 40
1 ,
; - | . \ .. : : - o R T o - L L . _BEOHTEL
'« _ : ' ' o - : S . : S S i . : ANN ARBOR
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UNIT 1.8 2

N - | - | o RS o . IDRY UNIT WEIGHT, NATURAL WATER
) R o - SR S S . | CONTENT, AND SHEAR STRENGTH -
VS DEPTH, ENTIRE SITE

.‘ ' E | o | : Joano. | . DRAWING NO. REV.
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DEPTH (FEET)

0

10

20

30

40

60

100

110

120

130

140

UNDRAINED SHEAR STREHGTH (KSF)

INTERPRETATION
SHEAR

DEPTH  STRENGTH™
(FT (KSF)

0-10=1,50
10 - 20 = 0,95 —

20 - 30 = 0,60
30 - 40 =0.50
40 - 50 = 0,75 —

50 -~ 63 = 0,95
60 - 70 = 1.00

70 - 90 = 0,95 —
90 - 100 = 0,80
BELOW 100 = 0.60

NOTE:
SHEAR STRENGTH FROM BORIMNAS
IN ST. CLAIR POWER PLANT AREA/
PROVIDED BY DETROIT EDISQ: .
- SEE APPENDIX A .

BEGHTEL

AHN ARRDE

BELLE RIVER PLANT
UNITS 1 & 2

PREVINUS INVESTIGATIONS

UNDRAINED SHEAR STRENGTH FROM

JOB M. AL by
@ 10533 | FIGURE 26
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SHEAR STRENGTH (KSF)

0 1 2 3 4
0 i -
|
R |
M
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|
d
[
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|
.
[
60
:
80 I
|
J
I
|
100 —
|
i
|
|
120 ,
|
|
|
140
— HOUSEL UNDRAINED SHEAR
STRENGTH DATA (SEE FIG. 26)
BEGHTEL
BECHTEL UNDRAINED SHEAR BEL{£‘?““°' ,
_-E RIVER PLANT
({SEE FIG. 25)
STRENGTH DATA UNITS 1 & 2

COMPARISON OF HOUSEL AND

BECHTEL UNDRAINED SHEAR
STRENGTH

408 Ma. DRAWIRG Ne
@ 10539 FIGURE 27




HESION (KSF)

1.0

PRESSURE (Pp) WAS SUBSTITUTED
| RELATIONSHIP
: PI TO OBTAIN COHESION VALUES.

OLIDATED SOILS ASSUMED

DEPTH (FEET)

140

20

. 80
- 100

120"

COHESION (KSF)

0.5 1.0

40

Loy

NOTE: _
PRECONSOLIDATION PRESSURE P, (CASAGRANDE'S METHOD)

' WAS SUBSTITUTED FOR P IN THE SKEMPTON RELATIONSHIP

C/F = 0.11 + 0.0037 x PI TO OBTAIN COHESION VALUES.

8) PRECONSOLIDATED SOILS ASSUMED

SOIL DATA
DEETH (FT)
0-20

20-50
50+

NOTE,

TOTAL UNIT
WEIGHT (PCF)

125
115
125

CEFFECTIVE UNIT

WEIGHT (PCF)

63
53

63

- WATER TABLE ASSUMED TO BE AT A DEPTH OF 10 FEET.

BEGHTEL

ANN ARROR

BELLE RIVER PLANT

UNIT 1 & 2

UNDRAINED SHEAR STRENGTH FROM
SKEMPTON'S RELATIONSHIP

o)

408 NO.

DRAWING NO.

REV.

10539

FIGURE 28
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]
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BEGHTEL
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| | | Lo | o - R : . ; BELLE RIVER PLANT
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| p - q DIAGRAM
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- . - o : _ ._. _ ._ | - - ' : S : S - 108 Ma. BTG Ne. -y
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q (KSF)

3 E py‘i+°3 o 9 "%3 L e BEGHTEL

BELLE RIVER PLANT
UNIT | & 2

_ - T2 q.__,; 2 - _ ' SR ANN ARBOR

L | [ U R OIS SO SR p' - q DIAGRAM
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INITIAL MODULUS OF ELASTICITY (KSF»

| | - - o o ' g DEFINITION
ey . | 0 - 100 200 300 400 500 e |

SLOPE = INITIAL
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ELASTICITY

STRESS
A
|
i
|
I

SRl G e S

 STRAIN

® FROM Qu TEST

DEPTH (FEET)

- O FROM UL TEST

100

INTERPRETATION

E 1 B | DEPTH MODULUS OF
‘9 20 - | T T (FT) ELASTICITY (KSF) ™

{:) u . | , 1 e-20 175
" ' . - ' ' . 20-50 65
‘ 50+ 100

140 b f ' ' !

O

BEGHTEL

ANN ARBOR

BELLE RIVER PLANT
CUNIT | & 2

e | - | I o - | INITIAL MODULUS OF ELASTICITY
o | . - o - - - : | VS DEPTH

: : ' ' - -_ : | _ ' o T | | ' | s JoB NO. DRAWING NO. REV,
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MOISTURE CONTENT (PERCENT) | N S PRECONSOLIDATION PRESSURE (KSF) ‘
| 4 6 8 10 12

) .30 40 50 60
, > SOIL DATA
o - )’/ | - .
S eﬁ o , d DEPTH (FT) JE{JITGAHLT U(NPICTF E_l;!;li(éT-IrVEPUT;IT
| = £ = O . 2
0-20 125 : ' 63
— % N . ) .
' F 20-50 - 115 53,
B' i 50+ 125 _ 63
e - o
== == I B 10 o SANDY)
' LEGEND
’ © ' EFFECTIVE OQVERBURDEN PRESSURY WITH
- WATER TABLE AT 10 FOOT DEPTH
L 60 o (SANDY) ' S
® X o —— EFFECTIVE OVERBURDEN PRESSURE WITH
- ® ' "WATER TABLE AT 20 FOOT DEPTH
o | I-:r-_' . ) _ = . . ;
"1—%=qi=.qu i :
o e DESIGN PRECONSOLIDATION PRESSURE
L £ ] O 80 o . e
o i | |
| o : |
100
1 L e_ - : rl
+—e—
120
+—
BEGHTEL
ANN ARBOR
. 140
- BELLE RIVER PLANT
o o - R ' ' ' UNIT | & 2
'©  NATURAL MOISTURE CONTENT _ ) - I o PRECONSDLIDATIDN PRESSURE FROM CDNSDLIDATIUN TEST Fy——"
—  ATTERBERG LIMITS | L | o mASAGRANDE PROCEDURE) - | | . PRECONSOLIDATION PRESSUR
LL - R S : , | VS DEPTH
- _ : , | : o PRECONSULIDATIDN PRESSURE FROM CONSOLIDATION TEST . — — —
| | ' | (CASAGRANDE _PROCEDURE - SAMPLES BELIEVED TO BE : : B i
'RELATIVELY DISTURBED) _ . 10539 FIGURE 32 | O
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: | EXPLANATION
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—

PRESSURE  (TSF)

NOTE.

COEFFICIENT. OF CONSOLIDATION BASED .
ON THE SQUARE ROOT OF TIME METHOD.

EXPLANATION:
RANGE OF VALUES
DESIGN CURVE
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CUNIT 1 8 2
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VS

PRESSURE
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DRY UNIT WEIGHT (PCF)

DRY UNIT ‘WEIGHT (PCF)

120

115

110

105

100

125

120

115

110

(‘ZERD AIR VOIDS CURVES

P

J..//"\

*—GS = 2.70

e B-136 (CH)
® B-141 (CH)

a B-142 (CH)

10 - 14

':——'ZERU AIR VOIDS CURVES

18

MOISTURE CONTENT (PERCENT)

22

\

/T

2.75
2.70

(—GS

6 10

14

"MOISTURE CONTENT (PERCENT)

®© B-146 (CL)

18

DRY UNIT WEIGHT (PCF)

120
‘115

110

105

100

95

:'.2)

¢ ZERO AIR VOIDS CURVES | B
B-49 (CL-CH) .
COMPOSITE SAMPLE (CL-CH)
8-101, 105, 127, 128, 180, 183
B-127 (CL-CHY ~ -
= 2.75
| — = 2.70
4 8 . 12 16 20 24 28 |
. MDISTURE CONTENT (PERCENT)
1) ALL TESTS WERE MADE ACCORDING
TO ASTM D-1557 METHOD C.
THE ZERO AIR VOIDS CURVES HAVE .
BEEN DRAWN FOR ASSUMED SPECIFIC
GRAVITY (Gg) OF 2.70 AND 2.75.
_ ' ANN ARBOR
BELLE | RIVER PLANT
UNITS | & 2

o

" SUMMARY OF COMPACTION TESTS
e cm S JPPER STRATA SOILS

DRAWING NO.

REV,

@ 10539

FIGURE 40
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P. 0. Dox 619
Amn Arbor, lMichigan 48107
April 5, 1566

e Joseph Funston

T2 Totrolt CTdison Company
:3‘:4.1 @ S.B. '

clJ0 Seecnd Avenue
Totroit 25, Michizen

Re: Saoil Invectimation at the St. Clalr Pover Plant

DL wre Tunatons

Inclosed you will £ind two sets of the results of the scil in-
vesuisaticn wode in coanection with the extension of Undit Ne. T and the
Ywi's convayor area. ' A

Zach set imcludes the individuzl boring log profile of the 1965
horirn;a (22, 25, and 27), fellowed by two Cenposite Subsoil Amalysis
Feollles. One composite 13 for the Power House Area. licnw, superimposed
oL s composite chart of the 1965 borinss, ere both the tronsverse and
caiprassion chearing reasistances, tozethor with the ASTI stondard pene-
srotiop valucs from the 19%0 borings. Similardy, the coil investigetion
wosulta froz the 1950 borings (13, 14, 15, and 16) are cuperirposed on
Tl seecond cciposite for the yard's conveyor amren. Shown on these two
e isodtes ore three averages for the shear and penetrotion values.
Susisd Lines represent the 1965 borings, rod limes the 1950 borings,
and Loavy lines the average of all borinzs.

As scen on the two cciposites, a compardson of the 30l1l resistonces

ol ol soil styati encountered betweon the 1950 and 1965 Lorings is rather
eiture  Iovever, two tobles woerc prepared to facilitate reference to such
¢C .risca.  In coneral, the soll resistances measured in the 1965 borings
are Lover Lion thode of the 1950 borings, with few excsptions occurring at
the lwver cirata. However, the avereges from all borin;s which are recon-
tenlod as design values, are closer to the 1965 borings.

It should not be overlocked that the shear valucs from the 1965
borings are availavle only from Borings 22 and 25 for cae orea, and only

A-3



1. Jogenh Funsicn , | April 5, 1966
Tae Detroit Fdisca Coapany Pazge Two
Detrolt 25, Mick dgun :

Soring 27 for the other crez. For this reason, only few values vere
aveilable in ecch stratum, and tha 1965 average alone should not be con-
Coilored oo reprecentativa of the area involved. Bocause nora penetration
voLues are e.vailn.nle from all of the 1965 borings, the aversges are now
nore represcntative and closer to the averages of both the 1950 and 1965
borings. A Dore detalled report of this invastigation will ba prepared

it casired.

Very truly yours,

- Qeorges Selim
- For W. S. Housel

Iaclooures

¢e: M. Robert A. Briggs
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- : o 5‘» c,\_l\ﬂ_ “—NEL
’ ! ) L‘n¢_—-'__-"
afarancs ——

Ty : ."lz . . D © 1950 Borings vith Liner Bamples. (ORA Proj. 1373-66)
o _ R PR . Refer to December 1950 Report.

i O 1950 Boringe without Liner Bamples. (ORA Proj. 1373-66)
: Reter to Decber 1950 Report.

. @ 1959 Borings with Liner Samples. (ORA Proj. 0199k)
'\ . - .. Refer to Ja.nua.ry 1960 Report.

o 1.965. Bor;!.nga vith Liner Samples. _
:\ @ 1965 'Bori.!_:gs without Liner Semples.

‘:— o proparty Lin¢ -

Pt

RECOR ROAD

Yord Conveyor -

1

RAVER R.OA M-29 . ' ‘ :
! b ) ——  SCALE: 1" = 300'

21 ‘ : BORING LOCATION PLAN

8T. CLAIR POWER PLANT
THE DETROIT EDISON COMPANY

28 ST. CLAIR MICHIGAN

A5 - ORA PROJECT WO. O199%




COMPARISON OF AVERAGE SOIL RESISTANCES BEIWEEN
1950 AND 1965 BORINGS IN THE POWER PLANT AREA
ST. CLAIR POWER PLANT

1950 Borings: 1 through 12, 17, 18, and 19
1965 Borings: 22, 23, 24, and 25
_301.1 Type 8¢ Suc/h N Elev.
PSF PSF Blows/Ft. Ft.
1! 2 1&2 1 21 % 2 8‘ L 3&4
591  Ground Surface 1950 1965 - A1l | 1950 1965 = Al1] 1950 1965 "All| 591
Medium to stiff varil- : 1 e :
colored clay, trace of | 1500 ° # 1364 [1167 * 112 1k.7 12.8 14.1
577 gravel. ': ' ‘ 577
% 123 151 221 12 201} 4.1 2.8 3.9
130 L ‘ ' 560
Very soft brown-gray < :
clay, trace to 555 | : : : |
some sand. 90 106} 18 Bl 11} 2.5 1.8 2.3
100 | | ‘ 545
EEQ-—"-———i * 154 | 140 » 137 3.5 3.3 3.2
535 1 ‘ 535
!
i : h-9 h-2 1"08
142 168 186 12k 175
i [2.8 [17.3] @B.7| 55
122 w3l 155 155 1550 6.4 7.3 6.6
Medium sandy gray f g f 500
clay, trace to some 150 — ;
gravel. ; ;
167. 72| 201 168  195| 7.5 8.1 T.7
| 560
i ‘
| ; ‘
E 159? 158 151 149 151 | 7.8 T4 7.7
465 L | | 465
458
1) Based on shear test .from Borings 1 through 12 only.
2) Based on shear test from Borings 22 and 25 only.
3) Based on ASTM penetration from Borings 1 through 12, 17, 18 and 19.
4) Based on ASTM penetratiorn from Borings 22 bhrough 25.
*

Only one

or two semples avallsable.

[ __]Represent ASTM penetration for the

Borings 1, 2, 3, 4, 1T, 19, 23, 2k,

sand layer found in varieble thickpess in

and 25 only between Elevs. 540 and 510.

g
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COMPARISON OF AVERAGE SOIL RESISTANCES BETWEEN
1950 AND 1965 BORINGS FOR THE YARD'S CONVEYCR
ST. CLAIR POWER PLANT

1950 Borings:

13, 14, 15, and 16

1965 Borings: 26, 27, and 28
_ Se Suc/* | Elev.
Soil Type PSF PSF Blows/Ft. Ft.
_ 2 L,2 1,2 1 3 1,3
590 Ground Surface 1950 | 1965 | Al |1950 11065 | A11 11950 | 196571 a1i’] 590
Medium sandy vari- .
colored clay, some 700 | 13505| 8ho | 840 | 7507 818 |14.5|12.5 [13.4
579 gravel. 579
S7n e T e ayad. | 2007 2164 2u1 | 280 226% 270| 6.3 6.0 6.2 573
200 | 106! 116 | 14k | 136 3.5 | 2.5 | 2.8
. {
Very soff teo soft
gray clay, trace of ; 550
sand. 5
i
200 | 144 | 178 | 159 i 108 142§ 2.8 2.6 | 2.7
533 1 533
l
%
200 | 145 | 155 ] 182 103 | 159 | 6.4 6.4 | 6.
. P ' %
| 515
275 | 250 | 260 | B2 232 | 218 | 8.8 ' 8.3 | 8.6
| ; 505
Medium gray clay, |
some sand, trace 1o | 198°| 161 | 154 | 1657 7.1 8.9 | 8.1
of gravel.
485
050 | 130°| 230 | 202 | w4 185 | 8.0 | 8.3 | 8.2
i ' 473
b 1705 _
150 | 2597 195 | 1kO ; 17 150 | 8.5 | 6.6 | 7.3
L55 455
(1) Based on shear tests and ASTM penetration velues from Borings 13, 14, 15, and 16.
2} TFased on shear tests from Boring 27 only.
3) Bzsed on ASTM penetration values froum Borings 26, 27, and 28.
4} PRased on one sheer value only.
5) Based on two shear values only.
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PLl1; Coml, Btomens, Clay,
and Cinders. s6) Z_ 5.0 Blowe
it 570
Boft Yaricolored Clay.
2.5 Blowp
]
K| 560
Sof't Grey Clay, Trace of .
gand, 4 —1.3 Blowp
J -53350
Shl
P ° 543
Loosa to Firm, Moe to o 7.
Very Fine Derk Grey Sand. o 8.0 Blous
o

23|

- 530

SoTt Gray Clay, Treee of
Sand arn? Orevel.

"‘—h.l Blowg
20
o
- average Penetration Palue
o
810
o
Z5.k Byoup
IO 500
o—i
[
490

}O L6.9 Blowe
430

Mediim Gray Clay, Trece of
Sand and Gravel.

Hardpan; Carprat Cleyey Fine
to Medlum Gray Send, 3oma
Oravel.

Rardpan; Very Rard Sandy Gray
Clay, Trace of Gravel.

Borings Stopped.

T
a
Q
3 470
j
} o
w7 | |

° 450

Luo
g 16 P23 30 ) )

BLOWE FER FOOT USIRG A 140-POND WEICRT FALLTHG 30 INCHES

ROTE: The asbove Composite Boil Frofile

ia intended ocly to present averaga
eonditions throughout the growp of
boringe reprezented. Hee individusl
boring charts for deveils.

PENETRATION VALUES OF TORTNCS W0, 20 and 21

UNIVERSITY (i MICHIGAN RERRARCH INSTITUTE
SOIL MECHANICS LABORATORY

ANN ARBOR MICUTZAR

ST, CLAIR FOMER FLANT - DETROJT EDISON COMPARY
DETROIT MICIXGAR

AFTWEL: Y At fane CDATE: - -3%




Boring Logs



) 100 OF SOIL PROFILE TASCRATORY VINUAL INSFRCTION SHEARTNO RESISTANCE & VOLIME OF SCLIDS CORVES
TAB. F’E“EWTIW %0 |
ﬁ? B‘a. %ﬂ; m.o R REMARKS PER CEXT OF VOLUME OF SOLIDS, LIQUIDS, AND AIR
W, . FI.
& as DA - o 2 0 - 80 100
“’g" 1-18: Undfoms, + awotn| !
. Ve'ootored Claye | 3o1slsms,2 mara | 38 | 22 | 2003 100,7 [vartecoloren Sy Tittie stosiotr ean) r-Avwroxe Sol B < S
L] fard Vari=Colored Clay, | - ’ e~
un r - |i2=18y Unifo vory fine tm\u’e. hotn 1 ——
m-_ i m.sm. Truce o 215|580, Tv,5tard 2k | 12 | 27,4 | 9743 |variecolored o olay, Tdttle ailte , i /4_25_%5330
. 4 " i A ] .
1 ' 3-18; Uoiform, very fine texture, Seooth P =
13 uﬁ' vm‘i”mcw" 3-8 STS. W StAfr| 7 | 12 ' [|* 36,9 85,1 llymri=nolored ;J.lr. I4btle silt, AN rnl
A « Sand . T . -
i Iet8] 5728 3 |12 [ 358 85 =I5y Uni.fmg very fins texture. Zmooth _— ,"l
3 . : ¥
so-flill |
. . . ° '
: ' : B<15) Tniform, very fine texture. ¥ !
s : 5<18]562 0 sope | 3 |12 | 38, | 8345 |macoth blue clay. Little siite ].'
560- Boft Mue Cloyy _ S o . . i i
11 meece of Sand & cravel. | | :
5 6=lzs Umdform, very fine texture. Ve / 1
: 6151552, Sofe | 3 | 13 | 35.7| Bh.9 |wmooth blue clay. Little eilt. | |
! 7
550~ ;
i . . i
Tl8; Uniform, very fine taxture. V. ’r
- IS[512.7 Sort |- 3 22 134 | TH.0 !lmaoath ity blus clay, I
. dEN B ¢ \‘
Slo- .
o : ' <18y Talform, very fine to fine text
A CYnyer, Mod Dazic 815 S0 Wl | 30 | 32 | 3649 (12008 |¥efu to fo fray sendeSome ole,littls silf. 1 \T i psl
) T Band, Iittlo Gravel, . 1 sore ] 9=15s Uniform, very fine texture. Smooth N B P
' Saft, Tiua Clay, Litels 9-15] 528,14 Sof 5 [22 | 2.8 100.2 | anda L
. - Band & Gravel, 3sama . .
) o of Sand, : %
E e i F.D-Hl Uniform, very fins texture. Darik \ A
. E Clayey, VoFim, Dazk | 0°L8[520.20%.Co | 32 | 12 | 19,0 13,1 ‘erey elayey silt and vary fime sand, \2 pd N
h o T £l ra
x ’ 5 Sand; Little Orevels |. =I8: Umiform, very fine texture, Silty s P
- R 1318/ NS Fiaptdq 7 [ 313 | 25,4 | 99.2 bloe clay. Trace sand. ~. -
i L1 & ) ‘ i ‘ 1
é ‘ E 11 E o
: . e MET ’ : i !
: _ 5”7”.‘ 1831 Uniform, very fine texture. SmootH / } !
C 1}, . Seam of Clayey, 12=L5| 505, TFlastid 7 | 12 20,7 | 98.4 Iblue elay with 11ttle silt and eands | 1
11 - Fins Gray Sand. 7 . : rf I
W . . . - . . . .. A . gt e !
: . . o .o R .| ¥edirm Hlus Clay, Littla ! o |
E ] ‘ . . T '-m-;faam&umax,iu ‘ ,/ . ! &.;[_._
‘ : ’ . X Sand Jeans, : L3L13: Uniform, very fine textura. Flus / . ! : i
.1'1,—7 ' 1315{ 195, T¥.S0f | B | 13 | 2840 | 9hs2 lelay with some wilt & Jibtle sand, [ . |
T b 1 1
‘- gy AN : !
: e : : N\ \ : '
) . i : o R S K : Nl=13+ Omiform, very Iine tagture, S11ty. ' I
: : : . : ) / Medlun Hue Clay, 113 LBS.T Sors | § | 12 | 25.2 | 59.2 [blue olay with ittle mand. N \ 1
: . . . - . : . (IH Little Jand & Cravel. h f i '
3 . _ _ o o N | 8and Inclusions. ’ { * !
’ ‘.:’w - ’ . . Im- -f . ’ Y \ ]
i L. . . ¥ . : 18y Unifora, very fine texture. 511ty
' : o S S S £ X | R 1518 b5 N S0t | 8 12 | 128 |-~ E.;g_ﬂg ' - ﬂ-\\'
i L R t Uniform, very fimne taxture. Sandy, \\L prooA
: ) . ¢ 16-18) L65,2) Bard |222 | 32 7o) Q36,0 ‘milty gray cday with pebiles, - PN e
- E3 Map ray Sand, Sewa PEXETBATION NOTEs Number of blows re— %0 Th6 %4 B0 7600
of Clean Sand & Or,, uadi == le2oo | & ‘g:" to "“i"‘ core "‘ﬁ;{ amane oo TRANSVERSE SHEARING RESISTANCE IN LB. PER 5C. FT.
; Pew Bouldars. . . mm“"" Lo-poucd we alltag 0 800 1500 2400 J200 Looo
- Lso- . - « OHE HALP COMPRESSION STRENGTK IN 1B. PER S<. PT.
2 Stoppad 195,51 == 200 Yy . BASKD ON URIOINAL CRO3S SECTION OF TEST SPECIMEN,
ppate <] Indicates failure to racover Liner Samplas mm“. SHEARTIG "igsg{]n"ig&%m‘ FER 5Q. FT.
. . -
ENGDREERING RESEARCH INSTITUTE
. SOIL MDOHANICE LABORATORY
UNIVERSITY OF WICHIGAN, AMN ARBCR, MIGHIOAN
; _ o cﬂgnn. AMLISIS OF SCRIIC NO. 3
. RIVER SITE, MARINE CITY, NICHIGAN
wmw""m ﬁ.ﬁ.'m_ B _ : THE USTROTT EDISON COMPANY
Thair .l‘ob Ho, =53, _ ; o |arPROVEDY i AHeaed DATEg/2~5- 4o

UHIVERSITY OF MICHIGAN PROJECT M3 T2=66 19
N A-




LABORATORT VISUAL TNSPECTION SHEARING RESISTAICE & VOLUME OF SCLIDS CLRVES

30TL SAWPLE
. NETRATTCE )y o | BT )
1AB, s LB
mxmﬁggg 3 B, CORBION0.OF PRe | B | s REMARKS FER QENT OF VOLIME OF S0LIDd, LIQUIDS, AHD ATR
(D3C & 06 DATUM} W. |ELEV.| TEHCY IFLOWS 0 WTLU. FT ) m
e s o ol T o ST P 3
[ ] mard Yari=Colored Clay, 2-181 Unifora, very fioe texturs, Bilty i & 2006
M| Treoe of Band &Gravele| o\ s)cma| Hara | 22 | 22 | 26,5 | 99,2 {vart-soloved clay. Trass pebbless i ____./ S 2
L _##-
soo- 3~183 Uniforu, very fins taxturs. Sty . _____;_..f;—-___z_’.‘.—-—-—'—"'_
T | 3-18/S78.5 Sart | K 355 | 88,6 [blue olays Fle trace pend, ] ; ¢
T sm 5 | |
v i 1155 Uniform, yery fine texturs. Smooth i
] | Ieg8:566,31 otk | 3 | 32 |3L.8 | 08,0 Jblue clay with little eldty ] |
3 I
. 8
f
/Tt [}| sote Btue car, Srese : I !
sgo |1 |i]| of 8and & travel, ;
Bl | S _ 15-18: Unitors, very fine texturd. Smooth [ )
. o  5-18/556,3 [VeSoss| 2 | 33 [ 12,3 | 9.2 [Plue elay with 1ittds sdat. { /
"I
1]
N 1!
6=181 Uniform, vary fine taxture. Smwath \ Y
eegslois 8l gore | 2 | 31 [36.0. | 84,7 [blue edny witn 11ttde stit, 1
. [\\ . \\ .
. \ X
- 12 | 32 =181 Uniform, very fine texture. Oray \
. T-L8i537,3 fichiors 4 | 32 | 20,0 | == lvery fise to fine sand with Lttde sllte
Cow 1 - [wealay : BelBs Uuiform, very fine texture. Oy > — L ot
i | paslset athoromt 7| 22 |20.8 13018 lewry sine sand with some olay & attte. _&.: \Jj pe
B v 915 |sore | 6| 32 |22,0 106, ' : L !
.- ‘ . . ,T / ',' .
. E o 7 i
o ng 516,31 == | 6 | 22 10~151 Uniform, very fine texturs, Smootd / H
RN 1 . 108 /523 {vagort | 7 | 12 1269 | 93,0 feilty blw oley with little sand, { :
o . ] ]
s}l \ . i amr b
M| . . . 1
{ R TSy . _ 11=18) Undfore, vary fine textide, Seootd , !
I ’ 12~18 504, | Soft 8 | 12 [28,1 | 93,0 [silty hlus clay, : |
wo ]l ! -' s
3 ] _ : ! i
'R ' ' 12-18: Unifors, very fine terturs, Seootd ! !
L _ 12-15(1gha Vort | & | 12 | 28,0 | 90,5 [mi)ty wdve clay,- ¢ —
].1] s0£t Bve Clay . \ y
l. Little Sand & Grevel, 1 4 A
4 ' ; \ A
M 13=15: Uniform, very fine texturs. SwootH l\ \ \
’ 13=L5 18),3 | Sort 9 [ 22 [27.6 | 96,4 [ledlty Wiue slay. e .
r'.f
/ j |
[Al=18; Dnifors, very fine texture, Sweoth / ' :
M’l [Vedaft 9 2 [ n,.’ 89,9 [silty blus sleys - Jl\ ;
~ . !
)
N N :
Fardgan ompact aally » Uniform, vefine to fine texture. ‘ SN R )
Fine u:-;m, Tittle LS-I8 L6358 gehmm n |12 [n.8 12h vofine to fire oxnd, \_ - Lpmt AN
Cliy & Orevel, 56 Uniform, v.7ine to fine textures
nores 159 228 | 5 Yofine to fine gand, oo TRANBYFRSE SREARIMO RESISTAICE JN L3, FER i, PP
o ' o. u:o. o mﬁmmoﬁ%ﬁm nsimtg PER samgg
. .Howed 150,3 [ == |200 3 BASTD OM ORTTINAL CROSS SRCTIC OF THST SPRCTMEN,

B2 Indigates failure to recover liner Saaple,
" PEKETRATXON NOTE: Number of ulome required to
drive core sampler distamse iven using 1ho=
Pound waight falling 30 inches.

@ TRANSVERSE SHPARTHG RESISTANCE IN LB. FER Q. FT.
UMDEE BORMAY PRESSURE OF L pat,

. TIOLIEMRING RESFARCH INSTETUTE
0o . SOTL WECHANIIS LADGRATORY
: UNIVERSITY (F HICHIOAN, ANN ARXR, WICHIGAN

Boring log and ali sampling
Reymond Conorete Flle Company.
Thelr Job No, 7153=0,

BUIBOIL AZAITSIA OF AORING 1C. 1
SP, CLAIR RIVER SITE, MART'E CITY, wICHIGAN
HHE DETROIT EDISCH CORFANY

farraovEDs

A, sl

DATEy 7+ 3-S50
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:l‘
ki
4
&

R

“TLEUATION TN FRET

{ Lo OF Som. BROFLIE “SOIL STIE ‘7 LATORATCRY VISUAL JUSPECTION BHEARTE® RESISTAICE & VOLUME OF SOLILS CURVES
bY RCRCo VISUAL THSPECTION 1A%, |PRETRATION|S
m;‘lhgzuimg? S M I8e] 30.OF ", La‘ REMARKS PER CENT OF VLLUME OF SOLIDS, LIGUIDE, AMD ATR
- - ' £ Ll . ’ . :
;m(nm&mmnﬂia 0. | ELEV,| TEICY | BLOWS ] rr.# ‘ - ) @ % o
[ Topsoll, =157 Tnif Fine texture, Veri— :
T Meds Vari=colored Claye | 1-13 sd6.39,8eeef 15 1 %2 | 29,7 | 93,6 soloted with 11410 . Te o ATRras. =} 2
. : ‘\
1| nad vard=Corore, _ 2-I5t Unifors, very fine texture, Silty kY -
. Tracs of Jan! & Cravelo| 2-18 50%,3V.8tairy 14 | 312 | 29.2 1303,0 vm-uolored'cl_g. By B 12
sa0 41 [ 2 . e tg—
) 3<15: Uniforu fine texture, 51l 1 = ———]
-...:- 3" 57613 Soft 13 29.1 91!02 blm. » T ' ' w ___._,-_-_—=—..——--—"‘"_-:?
o
. I3
. i . ]
| 1% . =151 Uniforn, very £ine taxturs, Silty ."
K : ' g 564,35 Soft 12 | 33.3 | 90,5 blue clay. ) IL ;
]
m - ) . N "I
-
580 ] 5c18: Unifors, vory fine texturs, Silty ﬂ !
[1] Bort sape gdxr, = [ 5-L81556,3 Soft L13 o38,5 | 93,0 (blue playe ' /
|l Trace of Sand & Gravel. } . -.'
: i
- 1
550 . . : é&18; Tnifora, very Pine textwre. 3ilty !
11 _ 618 316.3| gors 13 | 10,3 | 79,2 fblue olay. :
| CF - T 1
; \
- sto -] ‘ : _ ' |
: ¥ : Tl Unifors, very fine texture. Silty !
| Soft 1L 3L,0( p8.3 blue clay. Trace sand and pebbless \
Saft ‘ ] .
. S . o - B=18s Uniform, very fine texture. Blum s,
feyp| Hady Yo Course Sand BeL5|530,6Flestid 22 | 12 | 298| 3000 th 11ttle allt nand & peba | s
5% ?’ ' e Gl [ vsare] & 112 | 20| 1005 | OB Sy, ey e ; /
L 1 . : A
Soft Nlue Cisy, R
||| Littds Zand & Oravel. 1 !
' 3 10-1.83 vdfore, vary ine texturs. Sandy
mﬂ i [10-181518,3 3ort, 0 7 |12 | 26.0!300.1 MMQML /\
I ' ' —\ '
E I . Flastid . . \\ |
510 - o 13=18s Uniform, very fine texture. Huos \ 1 HEE
iy 1B-1s Pirs | o |12 28,5 | 101, jelay with scws silts Tr, pebbise. - i
08,3 o2ay with scwe sllte Tv, pebbise e 1 L
) . . \
- I/ \ .
A *" ; \‘ [
b ) . - —‘”—-—‘ o -—
%0 - 1 32+18¢ Uniform, very fine texture. SItY j / Y 1
. 1o=1s; [198,] Plastid 9 | 32 17,71 112,3 |blue olay, ) —
“ed4un Blus Clay, 1 - f !
Little Sand & Gravel. ' i
- ¥ . . ’
190 {14 - . 13-i8s Uniforn, very fine texture. 511t / / I
B ” 13015 486,3 Plastid 13 |12 | 23,8 i103.5 |hius slay with pevblen, +
H / ,
J | - ”
. . rd
1oo < | i 1l=18s Unifors, very fine texture. Sidbty / / , ) H
’ . 11=18 [1;75,3 Flastis B 12 0. | 79,9 |blus clay, Tr. sande Internel volda y ]
. | Ew ST~ YOIC8s 4 f
Boft Mue Clay, i . T R ]
Troon of Sand & Greval, \ !
i " . . 1 o
: \ gyl “
¢ TB.ﬂ_‘ 15=1S: Uniform; very fine tarturs. Silty /y Y J
39, . n 3,
_ ' orm. Varies fron blus o Y - h[pes 1
' 17-L31 Tniform, uuu:“ taxtre. Clayey R, '
Pardpan; Couy 53: 2.9 1136,0 [nilt and sand with 1it4le gravel. 1 - ;fmo*‘giz?;
N m m

Bhala,

Boring Log &nd 21l sepling
by Bayrond Coucreta P!J.a Company.
Thedr Job Boe 3=75

Mambar of blowe roquired to Mve oore smpler distame given
uring 1lO=pound woight falling 30 inches,

o— o IRANSUVERSE SHEARTNG RESISTANCE IN LB. PER SQ. FT»

Q 00 1500 Am 3200

Looo

ONE HALF COMPRESSION STRENGTH IR IB. PER Q. FT4
. BASED 0N CRIGIKAL CROSS SECTION OF TEST SPECIMEN,

TRANGVERGE SHEARTIO RESISTANCE IN LB. PER SR« PP,
® UMDER ICHMAL PREGSURE AS INDICATRD.

ENOTHRERING RESEARCH INSTITUTE
: BOIL MACHANICS LABORATCRY
UMIVERSITY O NICHIOAM, AUN ARDOR, MICHIOAN

SUBSOIL ANALYSIS OF [ORINO NO. 2
BT. CLAIR RIVER SITE, MARINE CITY, NICHIOAN
.. THE DETROIT EDISON CONPANY

F HICHIGAN SROJESY I373=60

APPROVEDY S ¥aresed PATE § /2 —/F —Fe
TRIVESTIT
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I : o ) A ‘ : L0G OF SOIL PROFNIE | SOTL SAMPLZ TABCRATORY VISUAL DNEPEGTION SHEARIID RESISTAIGE & VOLUMG OF SOLID3 CURVES
) . _ HGPGo VISUAL THSPRCTION 1Ay, FEIFTRATION [ ¢ nzo I ,
; ‘ } g . AD SUNPALE. | Shs ONSIE uo. HEOARTS ( PRR CENT OF VOLUME OF SOLIDS, LIGUIDB, AND AIR :-
. _ _ (maglgg ;Agba% .2 . | BLEvd TEmeY h. .
: o : 0 20 ) & 00 00
= ,
H Topeo 1-151595.2 | sare 2B -BW e e T D S e Bt T
[ 1t vorr=cororea o2y, ' L 1 \.7
111] Trace of Sand & Gravel. 151 Unif fine textura. S11 - g
585 -] 2+15580.2 v, Seark 20 1 12 | 23.0110La2 varlq:olnr:z. ng“w, Tynee pebhles, i L P’P“ m@./m
g1, ) 1 — L7
s 11 151 Unifo ins texturs. § ‘ I
=1 155%at baagtaal U | 13 | 32| 905 Banecaage irdnd P i S i
i b=151 Unifors 1'eryﬂ.nnt¢::tm.5ﬂ / ;
il : tetsleniepastisl 3 | 32 | 30,6 5107 biue clay. Trese of pevbles. v 'u
o] ) . L !
™l i . ~15 o H
_ suslsesie] sore | b | b | 32.9] 89,2 Pry Taifarm, vy £if taurs. Smouth /{/ ;
} : N f i
1 . s Unirorm, very fine taxture. Hlue !
. Sl &-151968002] gore | L | 23 | 33.8| 8.6 with 1ittle siite i
sé0- | = ,'
o . . I;E: Unifors fins tedurs. Silty /
- Soft ﬂl\u Clay,; Trace 1855642 | Sofe J 12 38,4 | Gh.2 clnys ’ W‘ ad _.é% r‘I
A} of Sand & trewel. i N I
N ) ) 1 Uniforn fing textore. 5l H
50 M : S - 1 8-1s|951.2 )| Soft | 3 | 3L | 6L 85.8 ‘kﬁ clay, = ol |
kM o . I8¢ Undforn, very fine texturs, Silty ' !
g=155h5.2] Sott [ 3 | 1k | LS.3{ 766 [blue clay with 1ittle sand, _ /
o 15¢ Uplfore, vers -fins texture, Bil !
ho-1s a2 | sote | 3 | ah | 183 T2 e clay. e, Sty \
K2 HE - . ‘.
L4 : : 11=L31 Uniforn, vary fine texture. Silby H
1 S ha-islsa6.2| sots | 3 | 32 | W3] a2 fue s r']] L
' Inolnsions . =
i ° : Unitorm, fins texturs, ! ~
I | he-is 53,2 | fore | 3 | 13 | WK : biid . Lty U
sn-?,T Clayey Fine Dark Sand, [2I8[526.9 wie, | 20 { 12 | e i = S~
Rie Gravel. 1t —
E : T Tdede Graoed -15 [s25,7 |vasore| 6 | 32 | 28 : : o o ==~
i ‘ : : / |
RRASTN £ , {5eiSy Umifors, very fine terture, Silty :
E. S204 15-13 |520.2 |y, 7112 | kb b __M I‘lﬂ‘l"ﬂ'- of pravele L/ ;
8 | L - ™ "l
E hﬂs 515,2 |V 80ge| 8 | 33 | 26.4 : ] 'y
LU . i H J
s I 1718 [510.2 |¥os0re| 7 | 12 | 273 \ / .
e o o ' i ; ;
. .l od . . i
{ 16-13[505.2 [v.80re| 7 | 12 | 32,7 fi i
i _ o : A9wLSs Undforn, yery fina texture, S1Lty N N
500t H sottn 20 o1 15-18500,2 [Plastip 8 | 33 | 27.8| k.8 [blue olay. Scom sand. Trese pebbless Ny ht
‘ : : B o © ]t} Little Sand & Oravel, . 1 Uniform, very fins texture. Silty \V i
ST o o | Few Beams of Send, 20=1311,95,2 {Flasti$ B8 | 12 28,21 973 md,q.Sa;am.'rmepubb].u. J !
Al 10, o - /\ . ;
_.hw =2 S L%éw = . 1 1s 18.3 | 108.6 -181 on. very rrmr:‘butlm. .:ﬂ.lty \ \\ g
| e . . . . M / i H
e _ ] 1St Unifom, vary fine taxtire. sm;r ! !
1 _ 22150183.2 | gore | 20 | 22 | 253] 96.7 [biue clay, Litfls sand. Trace pebhles \V4 A '
1 - g 7 t
] . A / Mr
160 —[s - P3=13: Tnifors, very flna tartire sty ] e e
21 S 23-1s|U7B2 [Pastsd 9 | 22 | 30| 90.5 [Fiue elay with Mttde sand, ¢ 4 / i
Y - Iy / !
Y : . 2lets LT3z | Sott 8| 12 56.8 » YOIy ti.na t.ut.m-o. annoﬂﬂ iy ,” :
g ' b /e \ 1 :
; m Modiux' Mua cm' -| 25=15 1169-2 Soft 10 12 31 - S wl 5 ‘ém "\ . 7 - 1’ 4. . -
! Seams of Band, T4tt)o Oryo6als |L66.T| Welo | 60 | 12 | 20.3 |23k, [07}5! Uniforn, fine texiire. £l s B 22
. B g i T AN
o : o Oravel 2753 1L60.8 |6 200
g Seazs of Bandy Clay, - L6098 Fompoatt 2 n ’ - \ N
i t Tnifern, very fins texture. Clesn
bortzg Stoppeds - 28~151158, 0| Hard | 320 | 30 | 16.,91137.3 vt sand and w11t, Sema p m_____‘\_m ) b pal
[==] Indigstea failure to rocover Liner Sample. X 1 " 5595
PENETRATION KOTE:® Homber of Hlews requires to o o TRANSTERSE SMEARING RESISTANCE IN 1B, PIR G Ff.
drive cora sampler distance siven using IhD=pound [ - 800 1600 00 3200 m
_ 1L o and walsht falling 30 inches. . — o OFE HALF COMPRESSION STRENOTH IS LB. PER 3. P2,
o 7 ' - ‘-"""-“W Bvmond G L Samline Cpany e - BASED ON CRIDIMAL CROSS SECTION OF THST SPECTMEN.
. . : o : ‘ : TRARSVENGE SHEARTHG RESISTANCE IV 1B, PER B3. FT.
Thelr Job o, B=TW53-D, . : ® URDER NDRMAL FHESSURE AS LMDICATED. *

EROTHEEIID NESTARGH 1HSTITULL
S0IL MECHANICS LAECRATORY
UMIVERSTIT OF MJCHIOAM, ANN ARHOR, MICHIGAR
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INIVERALTT OF MIGEIGAN FEOVECT 37356 20




—DABRATORY VISTAL INGPRCTIVN SIZARTHG RESISTANCE & VOLOUME OF SOLIDS CURVES |
N L #o TRy
ONS . O PR BENARES PER CENT OF YOLUME OF SOLIDS, LIQUIDS, AMD AIR
EIBV: Y | K WTPU. Fle
. ) ] 2 10 & 80 100
iﬁ.h.s{ == 130 |22 | Unifors, very fine texture, Vari= Apgroxe 3911ds S TR, a6
BYL n [ 32 | 2h,9 | 02,3 [oolored alsy with little ailt. ¢ o
’ 3=18: Uniforn, very fins tmrture. 3ilty; | ] 1
ST.0Flantdel 35 | 12 | 26,8 | 98.6 [vari=solored olay with tr, pebtles. .
. - i
bel31 Uniform, very £im taxtire, S1lty| - _,/f'_=__,_—,7’—“~”"f
ST3.0) Soft ] iz 3.7 £8846 |blue claye ) ' {",,i;- =T ¢
H Y 1
S=18s Uniform, very fins terture. Silty| ‘—Y b !
568401 Sofh | b | 1) | 33.0 | 08.56 [blue clay. : ' I
H %
&=L8t Uniform, very fina textire, Silty o Y
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I anr.g, geam of [ Liiicates failure tc recover Liner Sanple, - TRANSVERSE S'EARING RESISTAXCL. IK 13. PER SQ. .
g ¢ean Sand, TRETMTION MI52 Raber of blaws required to _ TR 1500 2100 3200 1000
10— ' driva core ammlar Hstanoe clven using ONB FALF COMPRESSING STRENGTH IN LD, PIR 55, FT.
4 ' Berual. pomnd weight falling 3. inchese : &—— —* RigE OX ORTUIKAL CROSA SECTION 07 TEST SPECTIEZ.

e N TRANMSVERSE SHEARDMY RESISTAIUE IN LB. PER 2G. FT.

- : Roring Log and all sampling ‘ ) - UHDER MORMAL PRESBURE OF L poi.
“ : . . by Raymord Corcrete Plle Comparnrs : : ENJINCELRTNG RESHARC' INSTITUTE

. . Thedr Job Ho, B=T53-D, : SO0IL MECHG IG5 LABORATORY
. : . . - : . UMIVERSITY OF NICHIOAB, ANN ARIOR, RICUIGAN

SUBSOIL ANALYSIS OF BORING ¥C, 9

§7. CLAJR RIVER SITE;, MGRINE CITY, WICIIIGAM
THE LETRUIY cDISOH COPANY

LPPROVEDE L2 hrece - DATE L2 -5

UPTVERSETY uF LICINAN PROVICT W3 73=56 A-25




I Loo oF sofl. PROPIIE EOTL SALPLE LABORBATCRY VISUiL INSFRCTION SUEANING MESTSTa:CE & VOLOME 07 SOLIDS CURTES
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& 08 . Z 0 o 1o
F%‘: Yeldow Bard, g l Approx 1ids LP Edquid |
o . . S - | 3~83°'573,7] - - 6 2=15: Tmifomm, very fine texturs. Siity Ll — - - o
. . : ]| Modivm Yedlow Clay, ~allow
. _ _ . - Troce of Bond 8 ey, LR G722 Ly T 1321 24,9 o6 clay, 7 o
so-|L | to 3131 Uniform, very fine texture. ity | - ~ !
) T . 48|547,2[Pastad 3 | 32 | 29,6 | 91.8 [hlue ela. . o T\// {
. Co . - 1 ' !=L31 Uniform, very fino texbure. 511 i
T e . D 4 IF18 5622 [Mlastiyg 5 12 |- 28| 96,1 Hles olay, ' - w >~,}>-, I}
. . r . - i
o . : - -1 . to 5=15) Onifora fine texture. S1lty d ]
_ : : : : : 5=181557.2 Fiaatdg b | 12| 30,1 | 93.0 bina . i / i !
|| Sol% Hlue flay, : S // o i
Traoe of Sard & Gruvel. Aol8y Uni.ton, very fios tetturs. Smooth ',’
: | 6i8lssa.2Bare ! 3 | 1h ] 35.2 | B7.7 |stity bive elay. . W /
. - 1
sg0 =1 . =183 Unifora, vary fine texturs. Smooth L/ i
- 11 TS I5UTs2 FuSort | 3 | 1k | 1,3 | 9101 jaitty Wiue slays /4 i
. : : AN ~
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e —r—

- -
e -

E - . . ¥
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E - F : - : {
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N oy —
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100 OF SOIL TROFILE | SOIL BANFIE TABORATORY, VLSUAL INGPECTION SEARTHG EESISMMIE & VOLUKE OF SULIDS CURVES
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[EvATION ® 517,80 R0. | KIEV, TEMDY T DRT WTLOU,Ft.| :
; (090 & 08 paTIN) - - C 20 10 & 8a 200
T 7o to Und, Ovay Gand, - e
_: Grevel & 511t - - - i . _Avproxg Solids . B,
T Lattle * ot ggj ity _51 15 . [ 3=IS: Uniform, very fine texture. V. ol ! T
. %4 WY T 10 V- B P 288 93.6 ot with 1ittle ; .
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1 Troa 3and & Orevel. ‘ ! . . 1
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! i
; SmESy UndCorm very fine tl:t.un. - i !
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o N ’
5607 =151 Uniform, vexy fime texture. V. J
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1Y Soft Hiue Clay, "8 I
41 14" ¢ Uniforw, very fine texture. V,
. ! Traoe of.Sand & Oravel. L8 |59 .4] Sore 3 1k 38,5 | 83,0 [[amooth blus clay with little silt, J’
iE! Soft '
o5 : kg [0 | E 8=18; niform, very fine texture. . Saooth !
IR | 8=18 |9h6,6/Plantld 2 12 | Lhe2 | TB6 [|#ilty blue clay. : L
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F1o- t ) . : i i
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b Soft ' i >
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L 12-L5[530,6/Flantsd 5 | 32 | 2h.2| 992 {bles clay with 1ittle sidt, T sand, W, ! +3
* Sofs . . ! 1
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e e 13=183 Uniform, wery fins hexture. Hlue ™ ::3 “ v
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. . I \
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1 T
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E I H H
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) . - o . . . 1 .
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_ ) . T 8aft : 7
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441 \ H
31N . - ' 1915y niform, v fina texture. 511t . L '
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_!_z?o-* - _ .2 st | 6§ | 12 | 0,5 F1a & y . //,f ,:' \l‘ .
hEED o 25151 Urd.fom vory fins tacture. $il 2 ;o /
»- D2 |Bors | & | 12 | ko5 | 7942 Mhive olay Wt t.h'-ou and, I, voide, o // ,/ ya
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7 .
. ' i Ty
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28.5
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13123 Iniforn, very fine texture. Smooty
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|
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ta | D-L3: Uniform, very fine texturs. Ve /
Ll~1S 180,0 Plastic 8 | 12 39,2 | 7.9 Jmwoth blue olay with 1ittle silt. / i
. . ‘.\ :
. \\ I
. ! ! LS: Uniform, very fine texturs, Mlae \\ . o
PS-LS W7Ta? Mlastic 2l | 12 175 1126 joley with 1tctle etit and sand, N ]
: 50 " ~
1S sore 20 | 17 30,0 | 95,9 BESLSE Unilom, weiy flos textue, Smoo 4
\\ h
Ay ;
I
' \ /
] == ; 35 [ 12 AT~LSs Yniform, fing texture, Clayey /!
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[
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. CUBTS= 110, OF| Tork| uy PER REAARXS AR CE!T OF YOLUME CF SOLIDS UIDS, AND AIR .
0. | v et | srowstrerls|ory welewurr. b » LIS, 4
i 20
qEn 1=N3|905,8] = = ' )
3 Bard Vart~alorad Clay, 505 22 | 12 L_m_Lm , |
,‘\ Little Sand & Oravel, - 2=181 Uniforw, very fine textwe. Smooth - :
3801k N : | 2~I8|5@a)5tier | 12 12 | 26,8 | 90.6 |vwar=eolored slay with 1ittle pilt.Tr,ed.l o -
Ll . ¢ to 319y Uniform, ¥Yery fina texture. Smooth I’l L _><"/
[1[} Yodtwm Tellow Clay | 31glsmilsbary | 7| 12 | 304 | 93.0 |yeniow clay wien 1itele stiv, Tr, sd / ™
L . " |'r15s uniform, very fine textute. Smcoth )'/\ Moo \
| edalsmaletaer | 9 | 33 | 3.2 | 93,0 |yellow clay with 13ttls sdlbe Tr. sde SN :
1'/1
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! _ 77 : T
st i1} : '
‘Hill st R 015w, t
4] Treca 3snd & Oravsl, . / / r’
1] - Pew Bang Searss .- - o A DEEE IR ‘ - - -] 614y Uniforn, very fins textury, Smooth 7 I -
I! 1315930 fore | 3.1 3k [ 352 | 86,1 [blve elay with 1dbtle salte i r
Be ¥ T
95 | [ | /
© | Boer, _ / }
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i
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an hN S
<4l ’ 1 - . ' 1 \\ i
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L i k. . 1 . . . - ' 1
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4 “lattas Sand & arayer, |[23-IS[lo8a Bore | 7 22 | 27,1 | 96,0 |blue clay with some silte : | g
M [ i -
N ll !
g -
HH _ / | !
hgo=1i.1| : . 12-1S1 Uniforn, very fins texiure. Smootd’ 1 : :
KN | 12-18) JA7,1] Seft rd 212 | 28,0 | 9h,8 |silty blue olay. . | !
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. 71 121 263 | 98,6 Jelay with some silt and 1itile send, ! [
B N
o N “\
-1 ] ~
w* ’ . AN
e . o | i. 15=15; Uniform, very fine texture. SElty . b ped
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5ﬁ‘ T i 0 20 1] ] -]
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* SEHTY ttm Yoltew iy, 9.4 staed. 9 | 12 | 0.7 | 90,8 [ydiow ey witn Titela aitee I i
‘||| Trece Sand & Oreval, : s ! |
il : . 1 Tndform fine texture. Smooth i
oy | it s78.A0a0tte] 6 | 12 | Wiz | 89,9 [lvedicw olay witn Tittle aie: s =l ;
g lhi | A %
o . : ]
5 [5=18; Dniform, wery fine texturc. Seooth !
' 5 1 3.0 | 89,2 [blue clay with 1ittle z4lt, '[
N , 7
560-11 11| Sott Hue o1y, i ;
[}| Trace of Sand & Oravel, . : / )
| EBI Oeiferw, very fins texture. Smooth ’
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. v . . . A -
sso-] | \
i N i
\ ]
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A ' P8 50303 Seft b |33 | 36, | 81,9 (blue elay with 2itd]e pilt

soflli| - ] \
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1
;
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) ” . !
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. & : ; 5
E ‘. . . Mﬂlt hgn.tfm, vury fine texture. Smooth ‘I :
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4
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5 TION !2 xm{d. .
- £ BURFACE B REMARKS CENT OF VOLWE CF SCOLITS o AYD L
RIRVATION = 589, ¢ Hmv WU, rr. = ' B o HETES, o
- Jus & ca Daton) - 9 2 7 © 8o 200
o _ 7] ¥ad. Yari-selored Olsye - 4 134 ]
g , T Mad. Bard ¥yalorad % | u 1ids
o | g :.miasma
L . . . N =15} mtom.ﬂthﬂun:aﬁmd Smooth
? ' ) - el ’Hﬂ’!’ﬁ.ﬂ"""‘“ 2 Hhels 20223 == o ; 1
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~ Hll| %l & draved. B [1z (26,8 | 96.7 with 1ittle 118, . T !
L 5. very Tine TAXiEG, Yeout]
I £ 133 l27.8 [-esg H d o o HE H
. : / 1 "
. . , i
j : : ' R R - 5-15¢ Uniform, very fine tecture, Smooth !
; » e Wit SN SN VaSert| b | 3% (32,8 | 69,9 |blue clay with little eflt, / ]
i . H R : - ) H
.. . . - 1
- | | | h j
: Co ' s ' &135 Unifors, very fine texture. Smooth !
: o b | G-IN SSBY Bort | 3 | 32 [37,8 | 83.6 |blue slay with 11tble silt, /
- N i . T
. | . . . ]
THIN Bofh | : :
11| | ot mue o4y, to : 7151 Untform, very fim texture. Smooth !
| Trege of Sund & Zrewsd, | T34 t4a] 3 |33 [39.5 | B1.a [blue clay with 1stde silt. ,
P - ’ h 'J :
sto-11 , -
B : 1 @-18; Taiform, wary fine textmre, Swoeth) ! ;
; : | Ay Saly Bost ] % {32 [la.e | Mo [viue olay with 1ittile silt. i
R L . ] . \ 1
@—' ! : ‘\\ :
) |
o A A"
1Y ) : t Uniform; very fine texturs, Blus r {
il © | Semmsoh.d Sert | 5 |12 (28 | 948 Iwwithnttlauiltmﬁuml. y |
. . B T ]
. T : 1 i
ol | \\ \ |
{1 o ' 1018t Uniferm, very fina taxture. Smoot : i !
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. . B 1
5:5:‘:»'_ ; = | ; j
L q -.' ) 7 o ’ ) . N ¢
SR : 13-15; Updturm, very fim textme. / ! !
W14 _"4.&“ LaFisstds] 7 [ 13 [27.8 | 93,6 ] silty blue dley with 1itels sends Vi -4
. ; /’ 1 |
o . N 11
oo e s . 2 : |
ttle Oravel, . .
e ) = 12-13; Upiform, very fine textumre. Smooth ! N e
115 hohal Befs | 7 | 12 (20,7 | B69.9 | eiity blus clay with little sande . I -
. Ly blus oley { ¢
. ) '
1
| | N\ ‘ "
) . 13=18: Unifors, wery fime texture. Hue: AN ‘l \
138 Wb APastin) 7 | 32 26,9 | 96,7 ] cday with some sAli, little sand, N 1
i . 1 1
. y ¥
| _ ‘ |
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)
| | H i
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< ~ !
Ml . Am : ' . : ~ 1
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| e8| 5R.2| -- b1 12 . i
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b=
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Ra . 12 ) | !
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CONSISTENCY OF COHESIVE & SEMI-COHESIVE SOTILS

V. Soft Almost completely lacks resistance to external forces causing deformation.
Will slump or deform of its own weight.
When squeezed in fist, it will riboon or ocoze out between fingers.
Sometimes referred to as "toothpaste" consistency.
Moisture content near or above liquid limit (wet).

Soft Only slightly resistant to external forces causing deformation.
Will support its own weight. .
When squeezed in fist, impression of fingers 18 marked and soil will
squeeze between fingers.
Can be molded to any shape without resistance.
Mositure content well above plastic limit (very moist).

Medium May be deformed readily without rupture,
(Plastic) When squeezed in fist, impression by fingers will be pronounced but
it will not squeeze,
Can be molded to any shape, but offers some resistance--will
probably "check or crack slightly.
Moisture content slightly above plastic limit (moist).

Firm Moderately resistant to external forces causing rupture.
Lumps or cores can be broken by fingers.
When squeezed in fist, impression by fingers is slight. No
tendency to squeeze.
Will rupture and lose structure if molding is attempted from original
shape. Once structure is lost, however, it can be molded or "packed."
Moisture content near the plastic limit (damp to moist).

Stiff Resistant to external forces causing deformation.
Lumps or c¢ores can be broken by fingers.
When squeezed in fist, or pressed by thumb, indentation by fingers
is only slight regardless of pressure applied.
Cannot be molded from original shape.
Moisture content near the shrinkage limit (damp).

Hard Very resistant to external forces causing deformation.
Lumps or cores can be broken by fingers, but with difficulty.
Cannot be indented by fingers or thumb, but can be scored readily
by fingernail.
Molsture content below the shrinkage limit (dry).

V. Hard Extremely resistant to external forces causing deformation.
Lumps or cores cannot be broken by fingers.
Cannot be indented by fingers or thumb; can be scored only
slightly by fingernail.
Molsture content below the shrinkage limit (dry).

CONSTETENCY OF GRANULAR SOILS (by standard penetration index)

V. Loose == (=4 blows
Loose == 5=10 blows
Medium Compact -~ 11~25 blows
Compact -= 26=50 blows
V. Compact —= 50+ blows
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M black clavay Topsplf (OH)
25 med, cottled Grown & grdy, SLECY Gi&Y
> lo..-‘} i (CL) trace of sand
w / atiff to havd, gray, siity, soms sand
:':: 2 % and gravel
20 b M2, atiff, gray, silty, trace of sand,
@ few pabblen
u 18 very soft te soft, gray, sility, trace
2 2 of fine sand
<
“ 2
g1 4oll2
g 3
2 k" ]
w
2 ) 1k3 1 —wed., gray, siicy, so=e sand & pebblag
5
7
&0
8 a
z o 7
g
} "
a0 20| 13
s
i %
{1{!
10 1o 1\ 11
¥il5
il ”
ﬁ /—eoft, gray, ailty, trace of sand &
120 V2oL gravel
L0 37 fine aflty Sand (5C) & seams of mad.
. gray sticy ciay
2 compact, gray, clavev siltv Sand (5M-5C)
1 40
Ll compect, gray, silty fine Sand (5H)
t— game, some graval & clag_
15 galloa water loss ar 145.5 & 150.3f¢
compact, gray, asmdy Gravel (GC) some
- clay
160 1690 154.0 - 165.1ft Shate, <dark gray, soft
iy Bottom of Hole«Elevation-42l.4
w -Depth~165.1£t
w
Z1s0 18
T
-
&I For Wacer Tabie informatiec congult
° Section 4.1.3,
200 29
220 22
240, 24!
260 - 260
280 289
300 108
3z0 30
340 20
Hole backfilied with bentenlta slurry
in soil snd cement in rook.
SOIL BORIWG HO,__ e
BECHTEL
Beile River -
e B-15




P
% 8,500 oD 373,1 «
LocATION:  E 3,965 . @EvATION . E z DATE DRILLED; | E3-9-73
z e L oF_1
SHEARING  STRENGTH MOISTURE CONTENT SENSITY E MO, RLOWS PER FOOT = .
(LBS. /5. BT.) (X OF DAY uT,} (LBS.7CU. FT.} Eg& g R SMPLE PRESRRE = g
AYTERGERG LIMITS {PL—LL} b
0 500 1000 1500 2000 O 10 20 30 4Q 50 40 70 80 AG 50 60 70 80 3010053100 ga. 20 40 60 80 100 B DESCRIPTION
}g black, clavey Topsoil (GH) sore Toota
z ‘2 iy TIro ©6 GELLT, mottied Drown & GvaY,
X Ctay (CL) streaks of sand & gravel
= / /\fim) gilty brown
1 ///\_snft to plastic, gray 8ilty Gley (GH)
& ofZ / v zoft
20 E 4 / ery
: 33 %
@ 2 %
a
ul pe ﬁ
'y o 40 3
2
w 2
4 3 3
5 \2
o
sa z 60 7 ——zoft, trace of fine sacd
kg
10
N Lplaatic
P 23
a0 & 2.
€1
L7
it
20 b~plastic te firm, trace of very fine
160 0 sand
-
%3
19
120! 1z ]15 a0t
Lo
5 —anft to plastic, some silty & very
fine ssnd parting
\'\ 33 ; Dark gray, siity Giay (CL-ML) low
1 1 T P plasgicity
4]
14%.3-155.5f¢ Shale, bisck, alighcly
micececus, sbundent cley seams, 133.0
1564.0ft contorted bedding.
&0 160
Bottoa of Hole-Elevation-430,6
e ~Depch-353.5fc
e
b
Ztao 18
=
& No gain or logs of water.
)
200 240
For Water Table information gonault.
Section &4.1.3.
220 220
Rag 240
260 260G
280 280
390 300
320 329
350 340
Hole backf{llad with Henconize and
natural soil fn #oil and cement in
rock,
SOTL BORING WO, 10
BECHTEL
. zelle River B-17




e
N 7,884 GROUMD 5968 & 2411u74
LoCATION: £ 9,005 BLEVATION E £ PATE oRiLLEDs _ 2874
3
i SEET
TURE CCIWFENT E 1 om 1
SHEMAING STREMGTH VoS DENSITY ND. BLEWS PER FOOT ¢y
(LBS./50.FT. ) (X OF CRY w7, } B85, /CU. FT.} e OR SAMPLE PRESSURE 5
ATTERBERG LIHIYS {PL-L) § o
o500 {oop 1500 2000 0 1G 20 30 40 50 &0 7O 20 40 50 60 7O 80 $0 Q0100 @ g 20 40 60 B0 100 st b DESCRIPTION
bottom sgh, €111
Y clavey topsofl
: —2 12 S0FT, Browm, SLlty Ciaz (CLY, "trace
fine sand
2 gbiff, some fine sand
20 :32,, very soft to aoft, gray, silty Clay
{CH)
2
o L]
3
3 [ 540 /
L 7
’ 7
o 5
A g 50 7/
= 8 plastic, gray, siley Clay (CL) soz=e fing
E sand
] v
5 10
" o | %
13
! Z
8 1
] s
1144 T 3

RITiy COmpach, BEBY, VELy Link EANAy
silp (w0 ! '

compact, gray, f£ine Sand {5P)

} 51
120 1z H

r 37
A7
-

trace ges #t 118.0ft

compact, fine ro medium, gray Sand (5
traca cosrse sand

conpact, gray, gravelly, madium Sand($W)
pinces broken Shals

146.0¢ - ¥4, 2ft Shale, dark gray to
gray, soft to medarately firm,
£ractured, horlzontak bedding,
scattered silty semms
134,2 - 134.9 light gray #i{lty seam
154,9 - 155,53 gray, siity «lay sean
160.5 ~ £62.2 local bedding dips 20°

[~—¢ 103+

-
w
]
L'y
EAT 18 Borten of Hole-Elevatfon-41%.6
T -Depth-174,2¢Fr
=
a
W
o
89 i
- Water loss of 20 gellens in sand.
230 22
Far Water Table izformation consult
Section 4.1.3.
240 240
260 260
280 - 280
300 300
320 320
240 ELTe
Hole backfilled with banronits and
natural soll in soll and cement grout
in vock.

SCOIL BORING RO, 12
BECHTEL

Bella River B-19




fUHH I8-TR

: B GROUND 586.6 1-28-74
LOCATION: _E 9,627 ELEVATION g oaTE pAtUED: L Lo3LT4
E seET L _oF._ 1
SHEARING  STRENGTH MOISTURE CONTENT DENSITY T ND, BLONS PER FOOY
(LB5. /50, FT, ) (% OF DRY WT.) {LBs, scu. FT.) 2 SAHPLE PRESSURE
ATTERBERG LiM1Y5 (PL—L} E DESCRIPTEON
o 500 1000 5500 2000 0 10 20 30 &0 S0 €0 70 80 40 50 60 70 B0 901001100 G p 20 40 €0 @0 100 §20 ©
. T— 7 cindexrs, Topsoil
; | 13 plastic, brown & gray, silty Clay (CL)
: — some topsoil

irm, brown, some fine sand

vaty SOLL to 8pft, ZFAy, 3iity Glay (CH)

~

]

o
>

N

48 1 a0
5
12
}e
&0 {-1:3
\ 1 plascic, gray, siity Clay (CL) some fina
e san
17
20 —
E -4 7
© 19
o __‘4\1
-
o 17
wr—i 22 4
i &l to Almedium comprer, grey, <iavaey Sand (5C)
e 24 plastic, gray, sifty Ciay (CL), few sandl
3 I ienses or pockets
g ) 1 \plaatic to firm, soma very fine sand
[
120/ ] 26, /
@
2] f 18 Fer pofr, trace fine sand
128
1
419
5 ompact, gray, Fina Sand (5P}
140 $40) s O SENT
N ” firm, gray, clayey 3ily (ML}
83 144.5 + 143.Dft Shale, gray, soft
Rottom of Hole-Elevation-&41.6
-Dapth-145.0fc
160 1560
-
u
g w Ho gain ovr loss of water.
' Z 190 18
X
& For Water Table inforpaticn consult
S Section 4,1.3.
209 #
220 220
24 24
/o - 286G
280 2840
X
ng 200
3z0 320
340 386!

Hota backfilled with Lentonite and
natural soil.

SOIL BORING NO,___ 1s

BEZHTEL Bells River B-21




BESTH IN FEET

2-12-74

H7,99 586.0
GRS .
uoeationy ___E 8,712 BLEVATICN N E oate oAnLED, ZoACTE
seEr L oo}
SHEARING  STREMGTH KDISTURE CONTENT DENSITY E MO, BLOWS PER PODT e
(LBS. /50 FT.) (X OF DAY WT,) (LBS, /€U, FT.) i P OR SHPLE PRESSURE
ATTERSERG LIMITS (PL-LL} [ DESCRIPTION
Q 300 1QCC 1300 2000 9 10 20 30 AD S50 60 TO 0 40 SO 40 TO BQ 30i901i00 B bl G 20 40 &0 80 180 120 i»
T b T TRUET e, POt Eow Rah
\ 1% Fire, brown & gray, silty clay (CL}
e 60 some fine sand
] \Sttff,ﬁrc’m
s Plastie, gray, ttece Eine sand
20 2 £
2 b #// Very gsoft to sofb, pray, silty clay
i 4 -
» 3 ///‘ (CHY
e %
" Z
e y
N u | 4ald8 v
] /
a
E 18 4 %
< 3 /‘
I /
@ 4 é
a A
. [ TN 11
3
:;'- Plastie, gray, silty clay (CL} sode
— 19 fine gand
o
z
E]
2
o
80 Z | sop4d
9
424
10
100 1 1¢
Fg
8
&
120 120058
9| ¥adiun compeet, gray, clavey silt (ML}
\,5 Lompect, gray, wvery fine sand {3P)
% —
21 Compeet, gray, gilt {ML)sode fine sand
\ #
140 ' 55 - Eg‘fact, gray, very Eing ko medium sand
%N'mm 142,0-143.75 Et. ghaks, gray, onft
Bottom of hole - Elevation - 542,25
- Dapth - 143.75 ft
16 150
Ho gain or loas of water.
180 18 Fat Yater Table Inforestion consuls
Section 4,1.3,
200 20
2z0 2z
240 240]
280 260
260 ©A0
k1] 360
R0 220
kL 349
Bole backfilled with bentonite and
natural ssil.

SOIL BORING WO,__%¢

BECHTEL Beile River

B-23




DUHK 16228

1-16-74
oate pArueny | L20274

sHEET L oL

RY

* 586.0

4 8,081 GROUND
LOCATION: __E 9,193 ELEVATION

SHEARING STREMGTH HOISTURE CONTENT DENSITY
1LBS5, /50, FT. } {3 OF DRY WT.} (LBs./CU, FT.)
A LIKLTS (PL-L)
0 500 1000 (%60 ZOOO . 0 10 20 IO 40 50 €0 70 BO &0 50 §0 7O B0 90100110

HD. BLOWS PER FOOT
R SAPLE PRESSURE

OTHER
LABIRATORY
TESTS

L NUMBER

¥ CURE RECOVE

SYMRIOL

0 20 &40 60 Be 100 DESCRIPTION

1 14 £1il, cinders
f eaty tepsoll

é firm to stiff, brown, asilgy Clay (Ci}

Il

trece fine sand
2 very olt to aolft, gray B1LLy Liay
20 ) s Bray i

SHELBY
| TuBES

£ S Y apit to L[imm, moderate to high plas-
ticity, dark gray, stliy Clay {CL)
2 traca £ine te coayse mpnd and gravel

I

4

3 /
1 | _fire to stiff, mederately piastic,
trace fine gand

183
789 - 30% fine to cosrse aand

]
[ ]
OSTERRERGS

6C

1l L plastic to firm, few pabbles

%)

e
e ] D
n
N

8G

2863

""-ver; atiff, wodevate piasticiry,
aome £l to coarse sand and gravel
8 leee fow 28nd seams

]
L]

10¢

Silty Sand (o-5d) fine to cosrga sand
grafne with trace fines

stiff, moderate to nigh pheatfcity,
gray, silty Clay {CL) lenses of silty
n\;d (30% of mample)

SHELEBY TUSES

120 12

25 gallons wacer loesc at ¥30f{c

— stity Sand (SH} some fine to coarse
gand and gravel, Pittle fines

$ed 14

£52.0 ~ 201,0ft $hale, gray, horizontsl
bedding, moist to dry

e 160) Lo 152.0 - 356.0ft goft, interbadded

ghale and clay seams

156.0 - 201.0ft fim te very firm,

-
u 25 fractured ta solfd, silty feams
* = 156.0 - 15%.5fc Quarce veing
z
—1E 10 4
E 9%
o
w
Q
29

N
a
-3
N
bt

Bortom of Hole~Eievation-385.0
-Dapth-201.0f¢c
220 220
For Water Table infortstfon conaulc
Sectlon 4.1.3.
250 2
260 - 266
#B0 280
00 300
320 320
3480 ) 340
Hole backfilled with Lentonite in
scll and cement greut {n rock.

@ Unconsolidated Undrained l—— Atterberz Limits

o Mofsture ventent SOiL BORING KO. 18

BECHTEL Belle River
. B-25




<A e e

48,011 = 1+17-%&
f '586.5 &
LOCATION) _E 2.337 ELEVATION E 2 oatE pArueny | 1-23:73
j%3
g .
5 & seET 1 oF_. L
SHEARING  STHENGTH MOISTURE CONTENT DEMSITY NO. BLOMS PER FUOT i
L85, /S FT.} {% OF DRY ¥T,} WBS./CU, FT.} ﬁ @ OA SAMPLE PRESSURE ¥ g
ATTERSERG LIMITS {(PL-L} = ﬁ & DESCRIPTION
¢ 500 1as0 1560 2000 9 10 20 30 AC 50 60 70 80 40 SG &0 TO 80 90ic01l00 - 0 20 A0 0 50 100 it
B ash Fil}
e N Topaoll
12 >25 plastic, brown, aiity Clay (Ch), trsce
sand
% firm, browvm & gray
20 3zs very Eoit to sofit, gray, siity ¢lay{Ch
4
[ 4
3
. —15
4
16
ts
£0 — 7YY é
7
Eonnmmnnd \7 bisstic to firm, grav, siicy Ciav (CL)
—18 laome Fina sand, trace pabblas
§ 1 o
&0 —
"
10 //
}25 — fimm, faw pebbles
H | —w—q 100]
e LI N
1 //
J12
17 | — plastic, tzace fine sand
120 s Y
L redium compact, fine sandy SLir (MEY,
k] crace cfa
114 & Y
- e redium gompact, very fine Sand (SE),
u ‘\.‘51 trace silt  crmce gas at 130.0f1
£ lya [~g100] 136.5 ~ 145.8ft Shale, gray, doft,
b . disintagrated, meist, silty
2 45.8 ~ L47.9Et Sand gray, fine to
g medit grain, ciayey
" 147.0 - 166.3ft Shale, gray, fimm,
1 fractured, herizentai bedding, dry
189 147.0 - 152,8£t soft, fractursd to
diaintegrated
w
]
'S
Zis [Bortom of Hole-Elevation-622.2
- 8 -Dapth-1664.3£¢
3
a
3
Yo gain or losa of water.
200 204
For Water Table informaticn consuic
Sectfon 4.1.3.
zz0 270
240 280
260 260
280 280
300 3
krd 320
340 250
Hole backfillad with bentonite and
naturat seil {n scifl and cecent grout
in rock.

e

SOIL BORING MO, __ 20
BECHTEL

Belle River

B-27




Guzhm 8T
%.8,002 FOD 585.9
wooarin | B9, 043 mewarion T E — GATE DAMLED: __11-20-73
SHEAR M5 SEET ), OF L
ING STRENGTH oISTURE: DENSTTY E O, BLOWS PER FODT
{LBS,./30,FT, ) X OF DRY wT.) {LB5./QU. FT.} E » OR SAMPLE PRESSLRE g
A LIKITS (PR-LL) £ ﬁ - at DESCRIPTION
] 500 1000 iS00 2000 © 16 20 30 4¢ %0 60 70 A0 40 50 &0 70 H0 §010011C 9 29 40 &0 80 3 i =
5\' Llack clavey fopsoil (O
20
& y Fitm to stiff, mottled brown, silzy Clay
O (CL; trace of sand.
[ pleatic, gray, ailty, some fine sand
z 2 % vary Soft gray silty £lay {Cm)
o P S 7
20 ¥ /
Sloke 7
w 8 [7ipiastic, dark gray sendy Ciay (CL) soma
3 poabblea.
% [3 :, SolE, grar 511ty QLAY (CHY
40 & | st ,//1
o 2 /“
] /
@ 9 /
z %
e ,/;
0 7
b | solbhd s0ff Co plastiz gray atliy Llay {CL}
o E \ some fine sand
%
o
11
= Y ///,_med., gray, siity
?25 soxe gand & gravel
2 L mad,, grav. zilty
89 = /;—-trm:e of sand, s few pebbles
13
12
} i3
4 1
100 10 L -
16
Hi)
LR
120 12 ki /
1 é med. gray silty CluF ECH)
\ STtEht To low ghsc city, ALK BFAY,
1604 clayey Sl {CL-Mi)
140 = 14 138,5-160.5£t Shale, black, aifghtly
43 cicaceous, highly weathered to a depth
of 140.75ft, crumbles easily.
97
&0
160 ! Eottom of Hobe-Elavatien-425.4
~Deprh-160.5£
L
W
ol
3 -
i z
~ 1RO, 18 Ho galn or loss of water
£
]
e For Water Table informacion cansult
Saction 4.1.3.
00 A0
g0 220
2 zh
260 260
28 280
1S
300 300
320 s2of—+
! #ole backfilled with bentonire slurry
i in soil and cement grout in veck
340 %
SOLL BORING 4O, __ 22
BECHTEL Beile River
.. B-29




1]

SHEMRING STRENGTH
{LBS./SQ. PT.)

SO0

1000

1500 2000

MOISTURE CCNTEMT

(X OF DAY WT.)
ATTERRERG LINEYS {PL-LL)
0 10 2¢ 30 A0 50 &0 70 8¢

40 30 80 70 840 96100110

OR SAHPLE PRESSURE

;
gg MO, EBLDES PER FOOT

b 20 A0 &0 BO 100

" RECOVERY

% CQRZ

1-30-74
OATE CRNLED: _2-3:74

SEET L, O e

DESCRIPTION

80

180

DEPTH YN FEET
=
o

[
o
S

2a0

250

320

340

st ER
—1, »

b1
s 12
fod 2
I
s
—10, 3
I B 1
17
14 RS
12
HAl
L le 10
¥} 28
1o
P
22 )> 2
L0l
15
24
- 15

30 \‘\\ 27

140

s, oo

e e LTIl

229

320

N e s

I, giggg:s
gand, topsoil

sofr, brown & gray, silty Glay (GL)
trdce vary fine sand

stiff, brown, trace fine sand

very soit to saft, gray, eilty Ciay
(CH)
\§# %-25-74: Elevation of water-566.7
Dagpth of wecer-19.6 £%.

N

plaatie, gray, siity Cley (CL) some fing
sand

e £1Tm

—— goft to plastic

It fairly compact, grey, ciayey $ilt {ML)

plestic, gray, siity Glay (CL) trsce
d

wapy-fina SAT

= 142.0 - 164,0Ft Shale, mediun zo dark

compact, gray Silt (ML) soma very fine
gand

gray, sofk, disintegratsd o
fractured, horizental bedding, with
Quarty veinz frem 145.% te 147.7,
more firm below 154.0fc

Botrom of Hole-Elevatfon~i2l.3
-Depth-164,0f¢

Plezometar Instailation:

cement backfill from i64.07 to 132,67,
5.0' of sludge pipe with bantonite
arcund sludge pipe from E39.0' te
134.9', 4.0 of #80 Screen from 134.0°
te I30.0" with sand pack around
sereen, 134.41% of 2" PVC from 130.0'
to 4,51' abeve surface, beckfill

with bentonite arcund casing from
130.0' to ground surface.

Por Water Table informaction zonsult
Section 4.1.3.

SOIL BORENG NO. 2%
BECHTEL Belle River

B-31




% 7,890 oD “585.6 12-12-73
wocaTionn B 9,783 | pEvATION OATE oWILLEDs 12-19-7%

R sexr
CONTEM oF
SHEURTNG  STREMGTH MDISTURE DENSTTY ; WD, BLOWS FER FOOT Lo F o
(LBS, /50, FT, § {x oF oRY “('P:.-u..) (LBS./CU, FT.} E%ﬂ ; A SAMPLE PRESSURE g
ATTEREERG LIMITS
© 600 1000 1500 2000 . O 10 20 30 A0 50 60 70 80 40 50 60 70 80 901001100 E‘ W D a0 Ap 40 BO 100 120 9 DESCRIPTION
it olack gandy iopgoil
K & 4 a m— vatry stiff, mo%ente Eo high plaaticity,
i Iv -—1; browa, allzy (CL-CH) some Fine
— f to coarse ssnd and fins graval
1f3 firm, gray *
20 1 20 /-—- 15% £ine gravel and coarse zaund
3
w1 ///'
3
4 L ok 2 — T 3 Soft to fiym, highly plastic, gray,
atity Clay (CL)
£ SR /.—-— 20% fine to ccoaraas ssnd
50 S %
s ,//’
15 \ )
} 17 s
8o 8 s 1, v five to stiff | medfum piastivicy, 35%
Q i 17 / sand and gravel
2 e \ v
; 20 /
2338
100 ¥ gica ///
aE=me| s 7
3____24 ;5
& % 17
&
120
i )
; 7
-2 i\ /5-— 30-40% fine sand & ailt in thin layers
\0-.._3_31‘ "E compact, gray, silty Sand {S¥-5C) some
- clay
40 140 100 24" hard, gray Clay (CLywith sbele,
crunbl Hardpan
1649 .0~340.5 Fr. é&é:_l_e_, soft, gray
Bortom of Hole - Blevatfon - &464.6
- Depth » 14L1.0 ft.
166 : 160 No gain or lozs of water
&
]
v For Water Tadle information consult
Z 180 E 180 Section 4.£.3.
z
-
o
ut
E
200
22¢ z2
240, 240
260 280
eBo &80
W00 0
3a0 429
Hole backfilled with benconizs
340 34Q

& Unconfinsd Compression b At tBerg Limits
O fotature Jontent SOIL BORING NO,__2s

BECHTEL
.. Belle River 8-33




w1 1T

Ry GROUND 585.8 1-15+74
tocatiens (B 9.883 . mEvaTioN E DATE DAILLED: _1-22:74
seEf L of___ )
SEAAING STRENGTH MDISTURE CONTENT DENSITY g 3. BLOWS PER FOOT
ILAs. /50, FT, } {X OF bRY wt,) (LBS,/Cu, FT.) a DR SAWMPLE PRESSURE
ATTERBERG LIMITS (PL.2L) 9 DESCHIPTION
Q. 500 1000 1300 ZOO0 0 10 70 30 45 30 80 Y0 B0 40 %0 ¢ 70 BD 903100110 ¥ I o 20 40 &0 84 100 120 &
WA %ciﬁdera £111
L + | L 3 P2 black sandy Topsofi
frrmrmed % brown, silty, fine Sand (E¥)
— ] % Gedium to sLiff, bDrowm & gray, ALlty
3 ///" Cis t(m') madiuz to high plasticity
—7 "E:T%a
1 29 % aoft, gray, #ilty Glay (GH)
2 %
2 .- B 2] Solt, tedium to Nigh plaaticlty, §Fay
silty Clay (CL)
—i; I3
40 foevemnnd B0
k:.
—
\ i3
60 0. — /-—-mdtu_a to atiff, medium plasticity,
l{ / 15% fine Lo coarss sand
17
gy ,/__ve;-y stiff, gray, sllcy fine sandy,
>ﬁa with sesme of fine saund, trigce pebbles
-——l‘)c /
& ey !
/ l-~plastic to £irm, gray aility, trace of
24 fine sand
21 ///’ -
. 24 /]
100 #] . 160 i~ st1£F, 15% fine to coarre sand ,
/ mediuz to high plascicity
7 /
Y& /
L2y {" %
120 pre—suned ] 3. L]\ /
[t 2g 1 wed. compact, clayay 5i1f (ML), trace
\ of fine =and
- P 60
10 * 0 160 S} 1000 Tatd, very aandv Ciay (L) Spoe pebbles,
w L3 some decomposad Shale (Hardpan)
4 $43,8 « 193.5fc ghale, gray, soft to
. B3 fim, disintegrated to fraciured,
5 moigt to dry, horizontal bedding
160 u 1189 13
u
- 10
u P e e
w 33
Z 180 18
E 3
c 39 —-~=B
8 12
Bottonm of Hole-Flevation-392.3
200 20 ~Depth-193.5fc
Wo gaiun or loss of water.
220 220 Tor Water Table fnformarion conmsult
Section 4.1.3.
250 z
2860 260
aa 280
204 Ino,
320 120 o —
340 240
Hole backfilled with Bentonite and
natural seil in soil and cement grout
in reck.
& Uncontined Compression ——1 Atterberg Limits
C  Moilsture Content SD“_ BDR]NG NO 2
BECHTEL Belle River
‘e B-35




¥ 7,673 @D 585.4 2eT-70
LOCATION B 9,013 e BLEVATION g pATE DATLLEm | 2-11-04
sEEr Lo 1.
SHEARTHG  STRENGTH MOTSTURE COMTENT OEMSITY E ND. BLDYS FER FOOT
{LB5./50.F7.) (X OF DAY WT.} (LBS./Cu. FT,) E§ § Oft SAMPLE FRESSURE g
o9

ATTEREERG LIMITS (PLALL) DESCRIPTION
0 J60 1600 1500 2000 G 10 20 50 £0 50 40 TC 83 40 50 60 7D BO $010G1 - O 20 A0 40 B0 100 120 w0
- Cindera, fill

% . o 2%
-1 1 40
&

tapgofl

Soft, brown & gray, siity CL&Y
trace £iza sand, high plasticity
Sciff, browm, some fine sand

for L2

20

Very soft to sofr, gray, sllty
Clay (CH-CL)

Irans

0

23 — Fira, gray, sandy clay layer

#4

ANNERTRRNNNNNN

1% Gray, Silty Llay {(GL; mediuw plaaticiey,
20% fine to cparse sand

50

&0 13

18

s A

HO UNDISTURBED SAMPLES TAKEN

Al

VNN

Stiff, dark, gray clavey sand (3C)

. /2'0 4 Firo to stiff, gray, silry glay (CL),
& 9 8ilt lenses
B 1004 Herd, some fine sand

T % Coapact, gray, fine sani (5P)

/

1004

EIXEY Tine gand (SH) IS4 Gonplasatic

1 fices

74

t’{g‘ﬂm 4T, “gTAY, Very Iitie L0 COLTHE BENG

53 SEIEY 3and {GHY I5% nonplastic Ilgas

59 4

//\ ./8?""“\3

e [76
Botroz of hole - BElevatiom - 451.4
. 140 ~ Depth - 135.0 £t

160 180

-

w

w

w

z

~ 180 (81

t

-

a

g This hole avopped at 135.0 fr. dua

to gag.

280
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Capped hole &nd left for 48 hours.
Afzar 48 hours no gas (pocket only}

0 26 2-8-75 Ko gas
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2-11+74 Pulled ec 50.Q7, capped
2-11-74 1400 hours removad oap
(no gas)
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% 7,663 FORD 586.6 2-6-74
LOCATICNE 2 0.853. ELEVATION E DATE DRILLED: _,, 2-12-74
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SHEARING STRENGTH ROISTURE CONFENT DENSITY % Ho. BLOWS FER PCOY
{LBS5, /50, FT. } iX OF PRY WT.1 {LBS,./CuU, FT.) '“.. OA SMPLE PRESSLRE
ATTEREERG LIKITS (PL~L) 17
0 500 1060 1800 zqoo 0 16 20 30 40 50 60 70 BO AD %0 &9 7O B0 901001300 E We o 26 40 60 80 00 t20 @ DESCRIPTEON
* 7 '7 cinders, £1]1
by 0 / medivm stilf, brown & sray, siity Clay
i8 (Ci~CH) bighly plastic, trace fine
gand
z 14 / vary stiff, browm
W £3 plastic, gray, soms fine aand
4 2 d
20 1 20 seme, sandy
é - /} very soft to sofc, gray, emedium to
a 3 / high plasticity
) 2 /
z /]
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a ' o | sop Gray, siity Clay (GLy medium £O Nigh
F plasticity
g1 12
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€0 g ,.,.k 12 —plascic, fine sand lensee
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z 1a medium compdct, gray, elayey S{iE [HI
plastie, gray, silty Clay {CL) some
/ fine sand
8
a0 8 13
i3 -
! i 13 — 10% fine to coarse saad
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120 12 A, i— woft, trace fine sand
5
g
J i H faf.riy coeapact, gray, clavey 3{it (ML)
140 L4 4 55 very stiff, gray, silty Clay (CL)
] sendy, few pehbles
[T—-e100d 42,0 - 144,55¢ Shale, gray, soft
Bottoa of Hole-Eiavation-442.1
-Depth~144 . 5ft
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-
&
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Z 6o 1
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For Hater Tabie information censult
200 20 Sectien 4.1.3.
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260 266G
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32 3z0
350 340
Hole backf{lled with Quik-Gel und
natural goil,
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»  Sample Jar Unsealed SOIL BORIKG KO, ___32
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0 500 1000 1560 2000 9 10 20 30 40 80 63 7O 8¢ A0 O &0 70 8¢ 30100} PAw o 20 40 40 B8O 100 DESCRIPTION
o 5 Tlack clavey Tomanll {OH3
>,27 aome asnd
five, gray & brown, silety Clay (CL)
1 trace of send
" Tirm, gray, silty Clay (CHy
20 2 £ £/
z T very gaft ro soft
W
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Se o130 (I3 alit sesda Hax
- - a8 compeet, gray, cedium silty Sgnd
- __,_-———‘ {5-8C) some silt, trece of clay.
o
z plastie to firm, grav silcy Clav {CL)
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1o f/’ trace of fine sand
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v} 17 //
35 ?’
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17 %
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13 ﬁ
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ha 11 % GEd LUl COMpact, clayey SiLE (YL} Bome
.
e
& hard, gray, sandy Chav (CH) tfrace of
HY 14| shols fragments ]
£37.5-158.2Ft Shale, biack, slighely
micacecus, highly weachered to a
depth of 142,3ft, so=e clay seams.
i8 169 Bottom of Hole-Elevation-427.53
~Dapth-158.17ft
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¢
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200 20 For Mater Table information comsulr
Seccion 4.1.3.
22 220
249 24
260 260
280 80
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3a0 250!

Hole backfillied with {uik-Gel in sofl
and cement grout in rock.
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¥ 2,007 oD 598.3 12-8-73
LocaTion, B 13,035 ELEVATION N E DATE DRILLED, _ 12-12-73
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181,91 b —s
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black sandy Tepsoil (GH)
Wﬁ'ﬁ\w—
£irm, brown, sozs aand
{~—herd, highly plasric, dark grayish
brown mortled, trace aand & fing
mediua to very stiff gravel

20 2
— ——-a0ft, gray
,’ [—6 —— datk gray, bigh plastic, {sample
2. graatly disturbed)
J\ ) s [ .. {sample greatly diaturhad)
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o 10

|— medium, highly plastic

&0 f \( ) } mizﬁc

nedivn atiff, dark gray, siity Clay (A
highly plemtic

A N N e e

8¢ Se=il. 1 80 plastic, sray, ailty Glay (CL-GH) trace
f Sk=1,313 qéq 118 sand, few pebbles
7 16 at{ff, modevate pimaticity, dark gray,
;‘ af{lty Glay (CL) iD% smediuz= to coarse
! \ — ;gg A4 sand, 15E graval
100 3 18 ///
——-—-::’: /— firm, trace of sand & pehbiaes
L 154 s —
§ 4 —— goit o mediun, wmodersbely ro higily
120 13 plaatic, gray, ailty Clay (CL-CH) trace
22 eand
s /.
s 7
- a
I CO=pECT, BrAY, fine sand¥ SIIE (ML)
taa I ' A 100 goza clav
2 conpact, gzray, silty finm Sand ($¥)
= sone pebbies | 30% nonplastic
5 143.6-153.0%x Shale, black, sofr,
q micaceocus, frace of pebbles, crumbles
u saxily
169 RN T Botten of HolewElevation-445,3

-Depth-153.0ft
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~180 18 ¥o galn or less of watar.
T
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u
a For Kater Table information conzult
Secrien 4.1.3.
200 "
220 230
240 240
280 - 6%
280 280
300 100
328 20
349 34

Hole backfilled with Quik-Gel fa soil
&nd cement grout in rock.
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Bisbts $8-18n

% 8,003 GROUND 589.1 12-14-73
LDCATION: 210,293 ELEVATION F_ DATE GRILLED, _ 12-£8-73
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7] A A tlack clayey mgogaou ((m%
8 med., brown, aiity O LraAce Fan:
22 Tobse, Srmm, snty §an3 (3%) Lrace
pabblas
atiff, brown & gray, silty Glay (CL)
= 3 trace sand
20 ] 26] %-23-74: Elevacion of water-380.8
5 Depth of wacer-8.3 £,
s stiff,poray, trace sand
- safr
o
; [5 ? very scft, gray silty Clay (CH)
‘ 21 wogs 7
9 4 /
2 %
u 5 /
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;'; 3
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6 ] e0 ]
2 plastic, gray, silty Glay (CL),
z i ¥
i trace sind & pebbles
2 L stiff, gray, sandy, siley, some

pehbles
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sund, few pehbles

— plastic to flmn, grev, siliv

trace fine send & pebhlas
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gray sandy Silt (ML) some clay

nard iy 3LEET Ting Bandy GIAVICLY
g 100F . Low pasd ih trace shale "

140, 14 135.3-136.6€t Shale, gray, very havd,
<layey
Botrom of Hole-Elevation-H52.5
«Depth-136. 6t
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180 160
Ho gadn or logs of water
o
w
m
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z
=180 18
£ Plerometer Ingstallation:
a 4' of 2" PUC Blank Casing from 84' to
g £0'; 3' #80 screen from 80" vo 75',

78.48° of 2" PVC Blank Casing from
75' to 3.48' above ground surface.
S¢nd pack around cesing from bottom
oi hole to 7G°, bantonite ss=sl sround
«asing at top of sand pack, annuius
backfilied with grout to ground
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o
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o
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For Water Table inforeatfon comaukt
Section 4.1.3.
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¥ 5,015 ROrD 500.2 2 11-19-73
LocaTices  E 12,9%1 o evaTioN E % DATE DRILLED: _ 11-231-13
S o ; serr 1 o
SHEARING STREMGTH Mol 1Y = . Pen PODY 5
ILBS./SQ.FT. ¢ tx OF oRY Wi} (LBS, /U, FT,} E_ » R SAMPLE PRESSURE O
ATTEREERG LIMITS (PyL-idi) ig “ DESCRIPTION
[+] 500 1000 %00 2OC0 O 10 20 30 40 3 £3 70 BC 40 50 60 7O g0 301091:00 et 0 20 A0 40 &0 100 ¥
17 black sandy Topsoil
-;.6"9 42 % atlif, browm, allty Glay 4CLY trace of
18 }/ // fine sand
?‘ ard, zome gray motbiing
B plastic to firm, gray, trace of sand,
2a zold few pebbles
soft, gray, siity Clay (CL-CH)
g 7 Fluselc, dark gray, Fine sandy slity
% a4 Clay (CL) some psbbles
Lo wery Soft, BLRY, silty Clay {LH)
il
S| sot
o
I
o
w 2
2
&1 3
60 31 R
vi
8l b 7
a & /
E %
5 Z
a 3 v
[1es z ag| 16 plastic, gray, ailry Gisy (CL} some Fine
gand
10
{ 15 ]
} 14 ;f
100 ‘o 13
11 %""plaltic, trace of sand, some pebbles
1 /
b /—?lastic to firm, some fine amnd
120 120kdd /
24 /
2
I~ /—snft eo plaseic
Lﬁ[ . med. comphct, ZTAY, fine sandy SLLC
144 14 _;i_ (ML) trace of clay
1 d fegtiff, gray, clayey 5ilt (ML} sand
™ _ lenses, some pebblas
2 145.0-156,0F¢ Shate, black, soft,
geze thin laminge of sand
Bottos of Hole-Elevation-444.2
16 160 -Depth-156.0f¢
'u]
E : ¥o gain or loss of water.
.
z
8 18
E Far Water Table information consule
¥ Seczion 4.1.3.
w
)
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220 220
240
260 260
290 A
300 3c0
323 320
40 3
Hole backfiiled with Bentonite sluryy
¢n soil and cement grout in rook.
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Locariony_ FI3,000 g pvaTiow E g DATE DRILLED: 207
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E = SEEY ] a1 .
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4] 500 1000 1500 2000 0 1C 20 30 40 50 &0 7D 80 40 50 &0 V0 80 01001100 g el 0 2°_£° a4 100 o
[y clayey & sandy FLli
H Jpsgg stifE, brown allty Clay 1GL) trace of
1 Sgeb—1 \anﬂd
/ med. browvn & gray silty Clay (CL)
£2 /
20 20 ;//soft, gray atity Clay (GH)
40 é P ]
<
= 3
v 2
3
a 4
H 4
0 ® 160 k
a 3
w
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= = mad. compact, gray clayey $£f1e {31)
«
&0 E 80 19 - compact, gray Silt (ML} some dand
=z
3 1a mad. to firm gray sandy Clay (CL)
o | ¥
2 @
£7 conpeet, gray clayey Siic {HL}
160 a 18
14 /r:-ad‘ gray silty Clsy (CL) some mand
15 ///
% o
tzo iz 15, o
‘\__-2'.'
I~ - riv]
25 =
“‘:‘\ +— herd, gray sandy Clay (CL) trace of
140 14 ™ shale {hardpan)
140.0+164.5{t Shale, black, decom-
posed & wasthered, siightly micaceous
crymbles easily.
H - 150
- Bottem of Hele-Elevatio